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SALT BESOUfiCiiS OF THE UNITED blAlEb. 



By W. C. Fhalen. 



XNTRODXTCrnON. 

In the search for deposits of soluble potash salts carried on Uv* 
the Geological Survey' under specific authority of Congress a great 
deal of important infonnatiou on the salt resources of the United 
States has been collected. The bulletin containing tliis information 
as first prepared was divided int<^ five parts, as follows: (1) Geology 
of the salt deposits of the United States: (2) theories (orit^au and 
formation) of saline deposition; (3) chemical r()inf)()sition of saline 
materials; (4) statistics of the production of salt m tiie United States; 
and (5) technology of tlie manufacture of salt. 

The part relating to tlie technology of the manufacture of salt is 
omitted from the Geological Survey pu])licati<ui as more properly 
connected with the work of tl^e Bureau of Mines. That part, which 
complements the present builelm, has tlierefore been prepared for 
publication as Bulletin 146 of the Bureau of Klines, to which bureau 
application should be made for it. 

SOURCES OF INFORMATION. 

It was recognized that every known deposit of rock salt should 
be closely studied and tested from time to time in order to make a 
complete investigation of the possible occurrence of commercial 
deposits of potash salts in the United States; for deposits of ordinary 
rock salt may overlie, be included within , or underlie deposits of potash 
salts. A systematic Study was therefore made in the summer of 1911 
of the brines, bitterns, and deposits of rock salt in the States east of 
the Boclqr Mountains and in localities considered most promising 
for potash. Hundreds of samples of brines, bitterns, rock salt, and 
calcium chloride, many of them sent in by drillers for oil, were col- 
lected for chemical examination; the geology of the occurrences of 
the brines and salt was investigated; records of deep wells were 
examined in the hope that some of them might be' more complete 
than those already published by the different State surveys; and 
samples of the rocks passed through in the deep drillings were 
studied. 

11 
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SALT BESOUBOES OF THE UNITED STATES. 



The field work extonded over the western part of New York and 
included visits to the operating plants in Wyoming, ].iviiigston, 
Genesee, and Tompkins counties. Every active salt plant in the 
Lower Peninsula of Michigan waf? visited. During the early part 
of the work tlio writer was accoinpsmied hy J. W. Turrentine, of the 
Bureau of Soils, United States Department of Agriculture. The 
brines of Midland, Saginaw, Bay, and Isabella counties, Mich., 
whose content of bromine in commercial quantity indicates partial 
desiccation of sea water and the occurrence of mother liquors, were 
sampled; also the brines of Maiden, Kuiniwha County, and of Mason 
and Hartford, Afason County, W. Va.; those of Meigs County, Ohio, 
across Ohio lliv(»r from Mason County, W. Va., and those of Pitts- 
burgh, Pa. — all of which are or ha vc been worked for bromine. Nortli- 
ern Oliio and Kansas were reviewed. As it was rumored early in 
1911 that potash salts had been ft)und near (loderich, western 
Ontario, Canada, that locality was ^ isiled and samples were obtained. 

Similar field work was continued by the writer during the summer 
of 1912, principally by visits to the salt-producing districts in the 
Western States. The shores of Great Salt Lake were inspected, 
and the salt deposits to the south, in Sevier, Sanpete, and Juab 
counties, Utah, were sampled. Samples of salt ami l^rine were 
obtained from the solar-salt plants on San Francisco Bay, Long 
Beach, and vSan Diego Bay ; and the dt^posits in the Avawatz Moun- 
tains, San BiM'mu'dino County, Cal., were examined. 

Practically all the analyses I'csulting from llns woi k are given under 
the heading Chemical composition of salint* materials'" (p]>. 270-277). 

The writer takes this opportunity to thank his numerous friends 
in the industry who have contributed so generously ])oth time and 
infoiTnation. In this connec tion .specilic mention should be made of 
his former colleagues in the United States Geological Survev, "Messrs. 
IL S. Gale, K. B. Dole, and R. K. Bailey. ^Ir. Gale examined the 
report critically, as did Mr. Dole, who also scrutinized the analyses 
thoroughly and suggested many changes that have been incorpoi ated 
in Uie report. Mr. Bailey recalculated all the chemical analyses and 
brought them to a uniform basis. 

TYPES OF OCCURRENCE. 

Salt is widely distributed and occui^s in many jdaces hi beds of 
siifTu lent size to constitute true rock masses. It is also fomid in 
solution, as in salt springs and in the water f)f the ocean and of inland 
salt lakes or seas, as Great Salt Lake and the Dead Sea. Deposits of 
rock salt that are int erst ratified with rocks of various geologic hori- 
zons (see p. 193) have been formed by the gradual evaporation of 
bodies of sea water cut off from the main ocean. Tlie salt water of 
inland salt lakes or seas, like Great Salt Lake and the Dead Sea, has 
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been concentrated by evaporation through lack of an oudet. The 
mineral matter of such inclosed bodies of salt water in general crys- 
tallizes out in the order in which the solution becomes saturated with 
sth^ TOrious 'salts. This order depends partly on the relatiTe amounts 
of the salts in the water and partly on their solubility. 

Rock salt is of such luiiversal occurrence that a list of the localities 
where it is found would include almost every cohti tr\- on the globe. 
In the United States extensive and valuable deposits of salt arc found 
in central and western New York, in Pennsylvania, Ohio, Michigan, 
Yiiginia, Kansasy Louisiana, Texas, Nevada, Utah, Arizona, New 
Mexico, California, Idaho, Wyoming, and probably in several other 
States. Salt springs and wells abound in the ne^bwhood of the 
salt deposits, and these, as well as the waters of salt lakes and sea 
water, are used as sources of the commercial product. 

The location of the producing salt plants in the United States is 
shown on the accompanying map (PI. I). 

Common or rock salt is kno^vn mineralogically as halite. It is the 
chloride of sodium, composed of 39.4 per cent chlorine, which in its 
free state is a gas, and 60.6 per cent of the metal sodium. Halite 
is rather brittle and has a conchoidal fracture. Its hardness is 2.5. 
Its specific gravity ranges from 2.1 to 2.6, that of pure crystals being 
2.135. Its index of refraction is 1.5442. It is highly diathermous. 
It seldom occurs perfectly pure, being mixed with a variety of other 
saline minerals, among which are gypsum, anhydrite, and (in Germany) 
camallite, kieserite, and polyhalite, or it is associated with shale and 
sandstone. 

Halite b isometric in cr^-stallization and usually forms cubes, which 
are commonly distorted or united in cavernous aggregations called 
hopper-shaped crystals. (See PL II.) It also occurs massive with 
granidar to compact structure. Masses with perfect cubical cleavage 
are common as well as the fibrous variety, which is said to be pseudo- 
morphous after g}'psum. It has a vitreous luster, and when pure it 
is transparent and colorless. Impurities impart to it yellow, red, 
brown, blue, and purple hues and are responsible for its different 
degrees of translucency. It is readily soluble in water. (See table 
on pp. 274-275.) Its characteristic saline taste is known to all. 

USES OF SAXiT. 

Salt is largely used for culinary purposes and in the meat-packing, 
fish-curing, dairying, and ol^er industries to preserve the products 
from deterioration. It is used extensively in refrigeration. The 
chlorination of gold consumes some salt. It is also used to form a 

1 Dana, }. D., Sjstem of udnmlogSt eUi ed., New York, pp. 154-15^ 2fi92. 
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g\szr (»u pottorv, ill enameling ajid i^ip*' works, for salting cattle, in' 
curing hidp'^, making pickles, and in ciearnig uleomargarine. In the 
form of brme it is largely used in tlie clieraical induHtrics in the 
preparation of soda ash, caustic soda, and various other xhemioala. 
contaiuiug a sodium baso. 

GEOLOGT OP SAIiT DEPOSITS OF THE UNITED STATES. 

a£N£RAL DISTRIBUTION AND CHABAOTBB. 

Of the useful minerals found in the I'nited States none perhaps 
occurs in greater abundance or is more widely distributed than com- 
mon salt. It occurs in crTstalBne layers interbedded with other 
sediments, which may have been chemically precipitated, like gypsum, 
or which may be daasified as ordinary cls^c deposits, like sandstone 
and shale— the whole forming hills or eren mountainous masses (see 
Pb. Xni, XIV, XV, and XVI); in the beds of dry, or nearly dry, 
lakes, marshes, or alkali fiats (see Ei. XII, p. 142); or in the form 
of dissolved salt in natural brines that issue from salt springs-or are 
found in salt lakes or ponds or in the ocean. Examples of all these 
modes of occurrence will be given in the descriptions of the salt 
resources of the different States in which salt is of present or of 
prospective conunercial importance. 

In the eastern and southern parts of the United States salt deposits 
do not appear at the surface as they do in many parts of the West. In 
New York, northern Pennsylvania, Michigan, Ohio, Kansas, A'irginia, 
Louisiana, New Mexico, and eastern and northwestern Texas salt 
occurs in bedded deposits well below the surface, where it is protected 
from the solvent action of rain and ground water by a mande 
of impervious strata. •In the Western States, Idaho, Wyoming, 
western Texas, New Mexico, Arizona, Nevada, and California, many 
extensive salt deposits are exposed at the surface because of arid 
climatic conditions. Thus the United States may be divided into 
eastern and western parts with reference to its salt resomces, the 
division being not only googi*aphic but climatic. 

The great or part of Nevada, large parts of Utali and California, 
aiul siiuill ])arts of Oregon, Idabc, n;id Wyoming are inclnded in the 
Great Basin region, so called, iu wiiich are the drnliiago basins of 
Lake Lahontan and Lake BoniieriUe, two Pleistocene lakes. The 
basins of these lakes hare been studied by G. K. Gilbert ' and I. C. 
Russell.- Tlie conclusions of these geologists regarding the saiines 
deposited from the waters of these lakes, their accumulation, their 
disappearance from the sm^ace, and the possihihty of fiiiding them 
below the surface are discussed in subsequent pages of this bulletin. 

« CinK-rf , G. K., Lake Bonnovilli': F. S. ficol. Survey Mon, 1. lSi)0. 

> Russell, I. C, (zoological history of Lake Loboatan, a Quaternary lake ot northwestern Nevada: U. S. 
G«c|. Qamy Man. 11, 1885. 
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FORMS OF SALT CRYSTALS. 



A. Rock salt lacliidinKfraKinPiitM of shale. B. Hopp<?r-shaiic({ crystals from thncvaporHtinK ponda 
of the Lftslio Salt Co.. Leslie, Cal. C. Perfect cul>esof suit fri>m Silver Peak Martih, Nev. U. 
Salt crvsjtaU from Kanrias: a, b, Rock 8nlt from shaft of Standard Salt Co., Little River, Kans.; 
c, d, Salt showiiiK uerf«'ct cubical cleavaKe. fiirruAhed by Bevia Hock Salt Co., Lyons, Kans. £. 
Large plate of rock salt from a mine in Cieueaee County, N. Y. 
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The ciim&tic and geologic coiiditioiis pertaining to certain of the 
saline deposits of Arizona and New Mexico are similar to those of 
thje Great Basin region, and the generalizfttions ])y Gilbert and RiisseU 
fot^jthat regioa hold for certain occurrences of salt in tlie two States 
mentioned. 

HBW TOBJL 

HISTORY OF THE SAI-T IXDl'STRY. 

* 

The salt industry is older in New York than in any other salt-pro- 
ducing State. ■ Salt was probably made by the Indians from brine 
springs, the most important of which, near Syracuse, Onondaga 
County, were noted by missionaries among the Indians ahout the 
middle of the serenteenth century. Le Moyne, a Froncii Jesuit, 
mentions the salt springs in connection with the Indians in his journal 
published in 1053. The Delawares are known to have sold salt to 
settlers in Canada and in northern and eastern New York as early as 
1670. The manufactme of salt by white people near Syracuse Ix^an 
about 178S or 1789. At first the brine was evaporated in kettles 
suspended over fires, but arches lai^ enough to contain four ordinary 
potash kettles were soon introduced. 

In 1797 the legislature of New York set apart 15,000 acres of 
land, the Onondaga Salt Springs Reeenrati<m surrounding the head 
of Onondaga Lake, and laws were made regulating the making pf salt. 
The area of the reservation was reduced from time to time until 190S, 
when the control of the lands and wells was relinquished to the * 
Onondaga Pipe Line Co. and the Mutual Pipe line Co., of Syracuse, 
for the nominal sum of 115,000. The eetablislonent of the reserva- 
tion was followed by the formation of the Federal Co., which erected 
the laigest salt-making plant of the period — 32 kettles set in blocks 
of four each. At first the brine was pumped by hand from shallow 
weBs, but as the wells enlarged horsepower and subsequently water 
power was used to lift the brine. Since the State govenmient took 
posseenon of the reservation and appointed a superintendent, a 
record has been kept of aU matters pertaining to its production of salt. 
The whole production from 1797 to 1896 was 36o,434,SS7 bushels of 
d6 pounds. 

Prior to 1846 the royalty charged the manufacturers by the State 
was variable, but since that year the uniform charge has been 1 cent 
^ a bushel; the net profit to the State to 1886 was $668,200, but since 
then there has been a small annual deficit. 

It had long been believed by the geologists of the New York survey 
Hiat the Onondaga salt springs were supphed by the leacliing of hods 
of rock salt. In 1820 explorations with a deep drill were begun on 
the Onondaga Reservation in search of these bods, but they rc^-ulted 
in failure. In 1838 the State legislature appropriated a sum iai-ge 
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enough to enablo the supiM-intviidoiit to sink a sliaft or well 600 feet 
deep, which likewise resulted in failure. T\m tmth of the geologists' 
behef was demonstrated later by accideut and in a locality where salt 
was least expected. 

Rock salt was discovered in New York m 1S65 at the village of 
Vincent, in western Ontario County. The importance of the find was 
not appreciated and it was not generally known until alter the salt 
bed had been found in other places. Early in 1878 one of several 
test wells sunk in western New York in a search for oil encountered a 
bed of rock salt 70 f* ct thick at a depth of 1 ,279 feet a mile south of 
Wyoming. This well became known as the Pioneer well. Three 
years later, in March, ISSl, works with the small capacity of 40 barrels 
a day were erected and salt was first made from artificial brine. 
Shortly after this discovery successful exploration took place at 
Leroy, north of Wyoming, where salt was made in the spring of 1884. 

In the meantime progress was made in another part of the State. 
In August; ISSl, a company of citizens of Warsaw began to sink a 
well near the Buffalo, Rochester & Pittsburgh Railway in the northern 
part of the town, and in October of that year a bed of salt and shale 
111 feet thick was found at a depth of 1,520 feet. Eighty feet of the 
bed proved to be salt. An abundant supply of water with which 
artificial brines could be made was also encotmtered. It was soon 
shown. that the artificial brine was fully saturated, of great purity, 
and cotdd be produced practically in unlimited quantity. The 
development of the salt industry in this general locality was very rapid. 
In 1883, the year in which there was such a marked development in 
the Oal^a Valley, salt was found in the Genesee Valley, where the 
salt bed was first reached in a well near the shaft of the Retaof salt 
mines, 10 miles directly east of the Pioneer well in the Oatka Valley. 
In September, 1885, a shaft 9 by 12 feet reached rock salt near 
Griegsville at a depth of 996 feet. Many wells and a few other shafts 
were later put down in the Genesee Valley. 

The discovery- of rock salt at Wyoming in 1878 revived interest in 
the search for the bed that geologists had asserted must exist in the 
higher land south of Syracuse, and in 1881 a well was sunk at James- 
ville, 7 miles southeast of the head of Onondaga Lake. In 1882 
another well was sunk at Cedarvale, 7^ miles southwest of the reser- 
vation. Rock salt was not found in either of these wells. In 1884 
two weUs were put down near the Onondaga salt springs, one by 
private parties and the other by the State. No rock salt was found 
In the l^dina formation in either of these wells. In 1885 a test well 
was sunk at Ithaca to a depth of 3,185 feet in which salt was found 
and a careful record was made of it. (See p. 39.) The stratigraphy of 
the Ithaca well has been described by 0. S. Prosser.' In 1886 a well 

>Am. G«ologist, vol. 0, pp. 202-203, 1S90. 
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was sunk at Moi i isvillo, Madison County, in which rock salt was fouml. 
The Morrisville well marks the most oesf oi-ly i^oint at wliich rock salt 
has heon found in tlic State and also vno^t uortheiiy point east of 
Genesee Kiver, with possibly a single exception. 

In 1888 the Solvay Process Co.. of Syracuse, in searching for a 
larger and cheaper supply of brine for its large soda-ash plant at 
Syracuse began to sink a well near the middle of the south end of the 
Yallcy of Onondaga Creek in the town of Tully, 17 miles soutli of 
vSyiaciise. The well was abandoned after it had passed through 100 
feet of glacial drift, and another Avas begun a quarter of u mile farther 
east, in which the drill encountfMcd at a depth of 1,216 feet a bed of 
rock salt 45 feet thick. In 1889 ten new wells were put down: in 
1890 ten more; and in 1891 nine nioro, all on the eastern side of the 
valley. In 1895 and 1896 eleven additional wells were drilled on the 
. opposite side of the valley, making a total of 41 weUs drilled to the 
salt bed in this locality by this company. Forty of these wells are 
connected by iron pipes with Tully Lakes. The water from the lakes 
flows by gravity to the salt and becomes saturated with it. This 
brine formerh' flowed out through other pipes into a large main that 
conveyed it to Syracuse, where the works are 360 feet lower than the 
mouth of the lowest well, but because of the loss by this method the 
wdls arc now pumped. The geologic horizon of the mouths of these 
wells, all of which are close together, is the middle of the Hamilton 
formation. 

In 1891 a well was sunk to the salt bed at Ludlowville, Tompkins 
Ooui^ty, and a second well was put down in 1892. In 1895 another 
weU was drilled at Ithaca, north of the well put down in 1885. In 
1893, 1894, and 1896 weUs were sunk at Watkins, Schuyler County, 
and salt is now made at that place. 

During the last few years New York li is j-anked second among 
the States in both quantity and value of the salt produced. The 
industry includes both the muiing of rock salt and the evaporation 
of brine by the solar, open-pan, grainer, and vacuum-pan processes. 

POSITION OF FIELD. 

The Salina or salt-bearing formation outcrops in a belt approxi* 
mately 12 miles wide at Niagara River, extends eastward across the 
central tier of counties to a point a little south of Oneida Lake. 
The outcrop then turns to the southeast, tapering gradually, and 
terminates in the vicinity of Schoharie River, Schoharie County. 
Its greatest width, about 20 miles, is at the foot of Cayuga and 
Seneca lakes. Salt mining is confined to the region south of this 
oittcroppmg belt — that is, in the direction of the dip of the beds — aa 
the salt beds, by reason of their solubility, can not exist at the 

40104"— 18— Bull, mo 2 
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surface in this region oi abiuuiunt rainfall. Tlicse facts are brought 
out on tlui map (PI. TTT>, which shows the outcrop of the Salma 
formation nud the places in the State where salt has been found in 
wells and shafts. 

£XT£NT OF DEFOSITS. 

The district under which rock salt is known to exist comprises 
the comer of Crenesee OouDty south of Leroj, the eastern half of 
Wyoming County, nearly the whole of Livujgston County, and the 
part of Ontario County west of Canandaigua Lake and chiefly south 
of the New York Central Railroad. There can he scarcely a doubt 
that rock salt exists west of Warsaw, but the early borings in Erie 
County soom to have been beyond the western limit of the salt 
deposits. No rock salt was found at the East Aurora well, but 
strong brine was obtained. At Ghirdenville, 7 milt« from Buffalo, 
a well was sunk entirely through the Salina formation, but no rock 
salt was found. Likewise at Eden Valley and Gowanda, only brine 
was obtained in the early wells. Later reports, however, state that 
rock salt has l)oeii found in Erie County at Eden Valley, Springvillo, 
Pen y , and Gownnda ;^ and in Cattaraugus County iu a gas well between 
Cattaraugus and Gowanda.- 

East of Canandaio^ua Lake the borings put down at Dundee, Wat- 
kins, Ithaca, Ludlowville, and Tully all reached the rock-salt beds. 
Tho area underlain )»y rock salt west of Canandaigua Lake is com-' 
puted by I. P. Bishop ^ to bo 1,100 square miles in areal extent. In 
view of discoveries made since i>ishop's report was publisiied, it is 
probable that his est imate is far too low. East of this lake the area 
underlain by salt must bo fully as large as that west of it if not 
larger. The northern limit can be assigned only a{)j)roximatoly, 
owing to the solution of the rock salt as it approaches the surface. 
Tlie southern limit is not known and may never be accm*ately de- 
termined, as the cover of the Salina formation increases in thickness 
in tliat direction ; but the salt is known to extend at least as far south 
as tlie vicinity of Pitts})urgh, Pa. The pei"sistence of the salt to the 
soutli iu New York, however, is indicated l)y the wells at Ithaca, 
which r(>.acli the salt at a depth of 2,200 feet, and l)y test borings 
in northern Cattaraugus and Allegany counties, which encountered 
salt below 3,000 feet. The boring at Canaseraga, Allegany 
County, penetrated 75 feet of rock salt, beginning at a depth of 
3,050 feet.= 

The northern limit, as shown by the outcropping Salina strata, is 
approximately defined by a Hne drawn from a point south of Oneida 
Lake westivard to Buffalo. To the south of this line dejposits are 

1 N«wlaiid» n. B., New York State Mns. BuH. 166, p. 57, Aagart, 1»13. 

1 Ncwliind, D. H.. New York State Mils. null. 174, p. 6^ DeAnilber« 1914. 
) H»w York State Ueolo^t Kept.* voL o, p. 34, im. 
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flDfiOuntwed at progressiyelj* incroasmg depths in accordance with 
thA dip of the strata, which langes from 40 to 50 feet a mile. The 
most easterly point where sak has been found is MorrisTiUe, Madison 
County'. Between this point and Lake Erie salt has been found in 
abnost all the counties in the central tier of the State. 



STBATIGBAPHT. 

The salt beds of New York belong in the Salina foroiation of the 
Cayoga group of rocks, which in turn are in the Silurian system. To 
iilostrate the position of these beds in the geologic columnar section 
of New York, the section of the Devonian and Silurian rocks is given 
below: 

Major auJ)dvii»ion8 of the Devonian and -iiiurian rocLs 0/ Xeir York, shou ing position 

of Salina fomation.'' 



Devonic, 



Chautauquaa. 



Senecan. 



Kriaii. 



Chemung heih. 

(Cstskill sandstone, local hdea.) 

Portage beds. 

(Naples beds, Ithaca beds.) 
Oneonta be<ls, local " 
Gonf«^e bods. 
.TuUy limestone. 
Hamilton l>ed«. 
.Nfur< (.'llii8 beds. 



Ulsteriaa (Oiiondafra limestoae. 

• • ' Schohane Rnt, 



Oriskauiau. 



Helderbefgian. . 



Cayugaa. 



Oiitatic or Sauic. . . 



Niagaraa. 



Efopiis <:rit. 
Oriskaay aandsione. 
Port Ewen limestone. 
Beoraft Hmoflono. 
Xew Scotland Limestone. 
Kalkberaf limestone. 
Coeyinaiis limestone. 
Manlius iimedlone. 
Rondoat waHer lime, 
fobloskill limestone. 
Saliua beda. 
Guelph dolomite. 
I.ockport doloniiio. 

V'UutOB, beds, including Kocheater shale at 
top. 

Medina sandstone, including Chieida con- 
glomerate. 
Oswego ssndstoni^. 

The Saliaa formation in central and western New York is now 
subdivided into the following members, beginning with the highest: 

1. Berde water lime:- Argiilaceoy» magnesian limestone, vaed for the maniifoc- 
ture of natural cement in Ede Coiunty. (This is the upper horison ol abundant 

JRuri/pteriis.) 

2. CamiliuK shale: Workable gypsum deposits, sdiale, and dolomite. 

3. Syracuse salt. 

4. Vemon shale: Red. gray, and green shales and thin dolcMnites. 

6. Pittsfofd ehale: Shale interbedded with dolomite; contains a profueion eC 
eiirypterids. 



.Oawegan. 



> Hartugal, C, A., Chwlfltntinn ot the geologic fonnatioii!) of the .sta(« of New Yitrk: Stvr York State 
Museum Handbook No. 1», IMV tabte I, batwcoa pi». 24 and 25. 
t Ttae aaaiM liera used an thoss in currant lue by the New York State Geological Survey. 
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La eastem New York the Wilbur limestone, below the cement beds 
of' the SoliBa, carries a brief modified reappearance of the Niagarau 
faima«^ It will be obscrrcd, Uieref ore, that the sal t beds of New York 
«re associated with deposits of gypsum, shale, dolomite, and lime- 
stone. 

STRUCTURE. 

It was stated that the Saliua beds in wlxich the salt deposits occur 
are lens shaped. The strike or lino of surface exposure of the salt- 
bearing formation is eastward, approximately parallel with the shore 




Aamus 1.— Ooologic section Uirough the salt wdls from I>eroy to Gainesville Creek, N. Y., showing «inio- 
turo of Onondaga ("Comiferoiis">liiiw$toDe and underlying salt bed. (Alter i\ J, H. Merrillf Kow 

York State Mm. Bull. ll. iStW ) 



of Lake Ontario, though because of the rough topography the line 
of outcrop is tortuous in detail. 

The beds or lenses dip to the south at a low angle. Exposures and 
sections of deep records show that this dip is not continuous but is 
reversed at intervals, with consequent dip to the north. Over a large 
part of the salt district 60 feet a mile is considered a fair average of 
the dip, but it is very irregular and ranges from 100 feet or more to 
the south to almost as much to the north, where reverse dips have 
been noted. The structure is well shown in figure 1. 

TH£ SALT BEDS. 

The Saliua fornuitiou contains iU)t only llie salt tlcposiU of New 
York but also the gypsum d(^])osits of the wi stx rii i>urt of the State. 
The gypsum deposits occur in the upper part of the Saliua, in the 

t New York State Kus. Handbook 19, pp. 8, 18, and intern, pp. 51-83, «d. 1912. 
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member deaagnated Oamillus shale, oocuning above the salt deposits. 
Evidence that the rocks were deposited in water which contained 
salt nearly to tiie point of complete saturation is found in the hopper- 
shaped forms that occur at several horizons and in the numerous 
cavities in the porous limestones, which it is now known were filled 
with salt. The Sslina formation rests on rocks of the upper part of 
the Niagara group. From the point where these rocks teiminate on 
the east the Salina rests on the lower part of the Niagara group, the 
CSinton formation. East of the line at which the Clinton fonnation 
ends the Salina rests on the beds designated as Frankfort shale 
by the New York State Survey (lower part of Lorraine shale), on 
which Idiey continue to a point near Hudson River. 

There is scarcely any we11-4efined division between the Salina for- 
mation and the magnesian limestone which overlies it. This mag- 
nesian limestone has be^ used extensively in the manufacture of 
hydraulic cement. It is known as the Rondout limestone or water 
lime. 

The Salina beds as a whole have the form of an irregular lens, the 
maximum thickness of which is found between Oneida Creek and 
Cayuga Lake. From this region they diminish in thickness east and 
west, which fact has been detei*mined by phitting the sections revealed 
by deep drillings. The areal distribution of the forma tion is indicated 
on the map (PI. Ill) taken from a geologic map i)f tlio State sun cy. 
Iti the earlier studies of the Saliiiji t x]iose(l at the surface no rock 
salt was found siniply because this soluble sulistaiicc cnn not remain 
at the surface in a region where the rainfall is considerable. Our 
knowledge of the condition and magnitude of the salt beds has been 
obtained entirely from deep wells and mine shafts, more thnn 200 of 
wliich are distributed over the entire area in which the salt beds are 
n( ar enough to the surface to be reached practicaldy by drilling. If 
the salt outcropped, it would in general appear along a line a short 
distance north of the southern boundary cf the Salina: north of this 
line it would be useless to expect (<• lind rock salt by drilling. The 
outcrop of the Marcellus shale is about as far north as salt may be 
found on deep drilling. The Solvay wells must }>e located near the 
etlge of the salt bed, and it also seems clear that the bed does not 
become thinner toward the north an<l gradually ' peter out," as it 
does west of Sen(H }i Lake, but that it end^ abruptly as though part 
of it had been remo ved. 

The thickness and character of the salt deposits is essentially the 
same throughout the district, the only material difference bein^i; in 
the thickness and the number of intercalated layers < )f rock. In many 
of the wells a thick layer of rock separates the salt bed into two 
parts, each of which is subdivided in turn into other and thiimer 
layers. No one of these layers is continuous over. the whole 6eld, 
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and weSs only a few rods a|Mat show marked differences in strati- 
fication. 

In the Oatka Valley the total thickness of the rock salt beds, 
including the interstratified shales and limestones, is from 100 to 135 
feet, at Silver Springs it is 145 foot, and at Castile 1CK3 feet. The salt 
beds gradually thin out to the north and do not reach beyond the 
latitude of BataTia, Leroy, and Catedonia. In the Genesee Valley ^ in 
a well on the Retsof mine property, the total thiekness of the salt- 
bearing strata was 124 feet, of which 80 feet was rock salt. At the 
West Bloomfield and Bristol wells in Ontario County only one bed 
8 to 15 feet thick was found. At Naples the bottom of the weU k 
in the second bed of salt 63 feet below the ttp|>0r one. At Watkins 
several hundred feet of the salt strata were penetrated. From the 
top of the upper bed of salt in the Ithaea test well to the bottom of 
ihe seventh or lowest one is 470 feet, the salt in tliis column meas- 
uring 248 feet in thickness. The greatest thickness in the Selvay 
wells at Tully is 318 foet. At Morrisville, Madison County, it was 
cmly 12 feet. 

Overlying the salt deposits are 250 to 300 feet of shales and mag* 
nesian Uinestonc s that contain the great deposits of gypsum found in 
Madis<Hi, Onondaga, Cayuga, Seneca, Ontario, Monroe, and Genesee 

counties. 

The broader features of the structure of the salt beds have hem 
outlined. To recapitulate: The beds are lens shaped, strike east- 
ward, and have an avmge dtp to the south of 60 feet a mile although 
the dip is reversed at intervals. Cross folding is marked in certain 
areas, giving strong dips east or west; but in general dips east or 
west are hardly appreciable. Besides the undulations, which are 
low in proportion to their width, th«re are many small but sharp 
anticlinal folds in which the rocks are fractured at the apex and at 
both sides of the base. In some places the sides arc inclined 45% 
but as a rule the slant is much leo3. Dislocations of the strata in 
overturns and vertical faults are encountered in places and also 
fissures and joints which penetrate to great depths, but these are 
common to all the formaticms. 

In the district included in Livingston and Wyoming counties 
so many woUs have been sunk to the salt beds that the data secured 
enable certain general statements to be made with a considerable 
degree of certainty. F. J. H. MerriU^ has constructed a mapshowing 
the undeiground contours of the salt measures. The datum plane 
chosen for this map is 610 feet below the upper surface of the Onon- 
daga C'Comiferous") limestone. This seemingly arbitrary datum 
is loosen because the salt beds vary greatly in thickness and position 
in the Salina formation, and it is necessary to assume a horizon 

1 ^'ew York SUle Um. Bull. 11, p. 32, map, 1S93. 
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at which Iho salt may be expt cted to occur. The contour lino at 
the a1titu(1<^ chosen intersects the principal salt bed in nearlj OYery 
well shaft.^ 

Throughout the Oatka-Genesee district salt is usually found at le^'els vaniug 
from 550 to 750 feet below the upper surface of the Comiferous limestone. The ex- 
ceptions to this are very few; the only ones * * * being the wells at Nunda 
and Bli». iu the former of whirh salt was found hc twccn !'<> and 500 foot ])oluw the 
Cornifcrous. and in the latter it was first met at a dojidi of 000 foot. In tho Itha^^a 
well the lu\vo.-( liod of rock salt was over 1.000 feet heiow the uppor surfiu o of the 
CoruiferouSfc The testimony of the two latter welb would suggest that a-i a rule the 
wells and shafts of western New York have penetrated little more than halfway through 
the salt measures. The upper surface of the Comiferous limestoiie has been taken as 
the datum plane from which to dotomiine the relative positions of the salt beds, 
!»orau8c it is invariably rero<?ni7o<l by tho drillor a?" gnon a" roaohed. Its porsiHlont 
citararter and the abundanro of ( hen distril>uted ihrouizh it form a marked contrast 
with the comparatively soft siiales and ihiu limestones which overlie it. From the 
underground contouia as shown on the map ' it will be seen that the dip of the strata 
in western New York is not directly to the south, but nearly southeast at the rate of 
about CO feet to the mile. The section as plotted between Leroy and Gaineeville 
Creek shows that the beds do not slope uniformly to the southeast but undulate in 
that direction. 

RECOBDS OF SALT WELLS AND SHAFTS. 

• The wol 1 records in the following pages have been t akcn from Bishop 
and Merrill in tlu^ references cited. Those by Bishop were obtained 
generally in the field; those quoted from ^lerrill were obtained in 
part in this way and in part from Knglchardt and Prosser. Some 
of the records wore obtained in tho field by the writer. Tli- a i range* 
ment in the text is geographic, from west to east. (See PL IV.) 

Log of uell at Goitanda, Cattarauyus Cixunltf, -\ . 1'." 



SoU 

Shale 

Sand, with oil and gtis 

Shale t o " second sand more oil and gus . 

Shale 

Hard rock (Corniferoiis and fielder berg) . . 



Thick- 
ness. 


Depth. 


Ffft. 


Fret. 


6 


f> 




4»» 




910 


:t<») 


1,300 




1,700 



• Bishop, I. P., New York State OootofUt VUth Ana. B«pL, p. 17, IMS. 

Note.— At 1,700 feet a vein of salt water was straek wblch fltled tho vol! and provented further 
drillfng. TtM brine i» said to bo very strong. 



> NVvv York 1!.' Mu< Hull. 11, ToI.3,p.3^ 1883. 
s ilcrrill, i; . i. ii., op. ctt., mup. 
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Log of well at Eden ValUy, Erie County ^ .V. Y.** 



Material. 



lroek.iil 
Shalt, uSe. 
nint, l&ae. and aand. 
BjrfneinBoftrodc 




« Bishop, I. P., op. dt., p. 17. 
NoTR.--aalt water was struck at 1,025 feet. 

Log of well at East AurorOf Erie Cbunt^, .V. Ym 

MaUriuI, 



Shales. Uwdc and light colored 

Limestone, Comiferous 

ftomCenutoroustosalt 




n Bishop, I. P., op. dt., p. IS. 
Note.— Strong brine was struck at I,l'j5 feet, which fllled the well and ran out over the top. 

Log of well at GardmviUe^^rie County, F.t 



Material. 




Depth. 



Muiri'Iltis .shales 

l.iiiH si cii:i s I I |))i< i- l.dwt r Ili'ldcrU'rK) . 
bhule lo .Nmgara limestone 



Fat. 



00 



a Bishop, L p., op. cit., p. 18. 

Note.— Cits was found at th< top oftheNisgsniandaf^wfoetof shaloocnitaiBingfarlnoaiiswfieetaboTei. 

Ho rock salt was found in tlie well. 

Log of well of Lehigh Salt liining Co., Lehigh, Geneeee County, N, y.o 



Material. 




Depth. 



Foil. 
iShalc. 



Limestone, (.'ornltcrous, with Hint 

Limestone, hydrtOile*.*. 

Cement stone 

Cf ypsuin 

< iypsum, shale, and limestone in layers 4 to l> inches thick. 

•Salt and shale. 

Bock salt 



Feet. 



50 
1(X) 

m 

30 
20 
100 
2.50 
75 
30 



Fftt. 



M 

l.V) 
300 
330 

4!,0 
TOO 
775 

m 



m Merrill, F. J. H., New York State Mus. Ball. 11, vol. 3, 1893. 
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Materia]. 




Diptb* 



Drift 

Ifarcellus slude 

BelUerbcrg 

Litne^one 

Salina ^roup (15 iuches o{ salt at tiOO iect). 

NiaRiira 

McdlJDa 



nek 



m 

100 
2S0 

750 
1,000 
2,000 



• PTDsscff, O. 8., quoted by F. J. H. Mwrill, Naw York State llns. Bull. 11, vol. 3, 1803. 

Lvijs (J'hro u(Us at Lfray, Gmme County, A'. Tl 



Material. 




8ol]. etc , 

Shale, Marccl)ii5 j 

l.imcstooe, Cornifrroiis.... ...............................( 

U':)t( r-lime (hydraulic limestone)... j 

Rock, soft, saline shale ! 

a Merrill, F. J. H., op. cit. 
Bishop, 1. I*., New York State (icologist Fifth Aun. Kept., p. 19, 18.S5. 

NoT£.— At 610 feet ia tbe second well saturated brine was found in shalot mixed with particles ot salt. 

Zog of wellat junction oj li li iJiilo , Rouni^ur tt- PUtshutufh Railway n ith Dekneartf Lacba- 
tBanna 4e We^xm RaUroadt Genesee County^ JV. Y.*^ 



Material. 



0 ravel 

Shiik- 

1 iniL^Toiif, t'omifeious 

I.itiicsfcuie. l.ouor i (< l<lr •iierg. 
Pure sail 



Thick, 
neas. 


Depth. 


Feet. 


Ft(t. 


46 


40 


192 


238 


I4R 


384 




838 


40 


878 



« BIdlop, I. P., op. cit., p. 20. 

NoTK.— The drill parsed directly from limestone to salt, there l>ilii^' nuinter\euiiif;shale,asin other wells. 
No >alt was found in tlic ^halc bi-low the main lx!d, though boi uig u as continued with the cx^jectation ol 
findtogit. 

Log of well at J^avilion^ Gemsee County ^ N. }> 
[Record ftinilahed by If. E. Calkins.] 



Material. 





Depth* 


Feet. 


AWL 


51 


51 


974 


485 


180 


875 


874 


M5 


SO 
64 


m 

1,063 


12 


1,074 



Soil 

Shale, HamtltMi 

Ltmestone, CoraifenHM' 

Ilnestoiie, Iiower Helderbcrg. 

Shale....... 

Salt bed 



• BidMp, T. P., Xcw York State Mus. Forty-fifth Ann, Rept., p. 54, 1802. 
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Log oj uuell No. -2 oj FavUion Salt Co,, Pavilion^ Genaee County. If. K.o 





Tbick- 
nen. 


jpepni. 


Boil 


Fed. 
SO 
376 
ISO 
375 
50 
19 
100 


Feet. 

60 
*» 

67S 

950 
1,000 
1,019 
1,119 






^Mtamlaaft 




WritoTtH alfl^iirfMWt- - 






• Iferrill. F. J. H., New York State Moa. BaU. 11, v«l. 3, 1803. 
MoTB.— BotUnn in sliale rack. 

Log of vfdl al Elites, Wyoming County ^ N. 

m 


IfatarlaL 


Thick- 
nest. 


Depth. 


Soil 


Fed. 
200 
375 
150 
300 
104 


Fm. 

900 
63i 
TU 
1,031 
1,136 


Mate, Hamilton 


UniestaiMyCQniiliBnius 


LtmesttiM (Loirer HeiUerberg), about 


Slate 





• Bishop, I. P., New Yerik Stitte Geoleglft Fifth Ann. Itept., p. 18, 1885. 

Note.— At 1.490 bet Rome ndt in rock till 1,500 feet. Total depth, 1,860 Jeet. For more details me 
Bishoip's report. 

Log o/ well at Pearl Creek, iVyominy County, N. l'.* 
(Beeord ftimldwd bjr Otl» A Barton.) 



Mat«riaL 



Soil 

Shales Hamilton, about 

Limestone, Corniierons 

Lower HelderbergC?), about 

Saltandahale 

Salt 




Fett 
20 

500 

90-1110 
tiOO 
20 
55 



Feet. 

20 
520 
620 
1.220 
1,210 
1,206 



• Bishop, I. P.. New York State Mus. FortHllth Ann. Rept.. p. 51. 1892. 

Log of Moulton well, between Fearl Creek and Wyomiwj, Wyoming County, N. YJ* 



Material. 



Roil 

Sand 

Slate and soft rode 

Shale 

Limestone, ("ornifcrwis 

Slate, indications o( salt brine . 

Limestone, salt brine 

Slate 

Shale and rodcsalt 

Bock salt 




a iiisbop, I. P., New York State Geologist Fifth Ann. Rept^p.90« 1885 
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Log pfFitmterwUf mar Wyoimng, Wfcmmff Ccnnlg, X. Y.» 



Ibterlal. 



Boil and day 

Shales, bluish 

Shales, hlnck 

I-imrstnne 

Slates 0 f various colors 

limpstonc 

Llmeston*. Corniferous; bittrr wstrr tieiam. 

f hales, fivpataOB 

Bock mU - ^i..iit.T.r.-T 

flliale,red.. 



Thick- ! rtmnOk 



Tttt. 



¥1 
40 



W 

»2 

79 
1» 



FeH. 

m 
1,530 



a Merrill, F. J. 11., Sew VorL^te lliu. UulL 11, voL i, IrtU. 

Log o/irdi No, t of Onjtkd 8oH Co., Soihrah, Wyoming Cownty. K. Y,» 



Sand, cravfl, ami 'luicksand. . 

PhaK'i .' ) 

J^imt'-stone, (■ormfcrons 

Shalp 

Ijmestone. Upiwrand i.ower, 

Shalo and salt - 

Solid salt 



Thick- 

MBS. 



Feef. 
«»♦ 

I". 

til 



Depth. 



\A 
77») 

1,323 

i,:{:s 



• Bishop, I. P., op. cit., p. 21. 

Log of Miller veil, WarsatL , Wjfomiinj C>nutt)j, N. 

Material . 



Depth. 



Sbalc, T.ow-pr Porfage and ITumllton. ...... 

T..inicston«*, ( ornifcrou-s 

Shak- 



Linii'stone, I-owht Hfldt'riicrj; . 

Fhak and salt 

Solid salt 




• Bishop, L P., op.elt., p. 21. 
Note.— nspth to hose of uSt h«d, t,00t feet. 

Log of well of Atlantic Salt Co., Warsaw, Wytmiug County ^ X. 




• Bishop, I. P., op. dt., p. a; sbo Merrill, F. I. H.. Tahie oCsalt wells. New York State Has. Butt. IL 
IM. Ths two reeordB disogree la descripUon. of loctttloa smd thipiinwiir of strata. 
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Logo/ well oj V>aT$aw Salt Co,f WartaWf Wyoming County ^ X TJ* 



Material. 



BarhceaellftHtj 

Shale 

limestoiie, Coraifcrous , , 

Lcrver Hddtrberg and ahale. 
^ *) and nit nixed 



St: 




• Ifeirtll, F. J. H., €i>. cit. 

Lwj oJ uell o/ If. C. Gouinlock, Warsaw, Wyomituj Cuunty, X. 



Material. 



riav 

Bhalts , 

Linicst<ioe, ConilliBrous 

Shale...... 

LlmestoiMS, Lower BeMerbeis. 

Shale 

Salt and shale, ml3Wd 

Main salt bed... 



Feet. 

16 
956 
1,112 

1,542 
1,572 
1,578 
1,568 




Fret 

17 
1,028 

i,m 

1,251 

1,596 

l,tVS3 



a Bishop, I. P., op. dt., p. 22. 

Log o/ well of (Jouinlock <£• Humphrey, on u est side of (he lallty, War$au-, Wyojnmg 



Material. 



6ha!cs , 

Limestone, Cornilcrous , 

(Nature of Strata not stated). 

Salt anddiato 

Shale. 



Ban and shale 

Bait 

Shale, wffh allttlesalt . 

Salt 



Thick- 
ness. 



Ft ft. 
1,2}0 
150 
423 
19 
t 

a« 

16 



Depth. 



F<ft. 
1 , VXi 

\,m 

1,803 
1,832 
1,82S 
1,837 
1.861 
i;863 
1 . 879 



• Bishop, I. P., op. cit., p. 2]. 

Log of Bradley well, Warsaw, Wyoming County, X. 

iBiahop calls this the well of the Eldridn Salt Co.; the desioiat ion here used is that of F. J. H. MerrlD in 

NeirYork State Mns. BaS. ii, im.] 



Soil 

Shale (sandstone) 

Slate 

Limestone, Coniildws. 

Flint rock 

Lower Helderherg 

Salt. 



Material. 




• Bishop, I. P., op. cit., p. 21. 
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Log c/ mU o/AUx, Kerr, Bro. ie Co., Rodt Olen, Wyoming County, N. Y.» 



Material. 



Soil, etc 

Sandstone and shalo ^ 

Llmcsto neyjOqailto oas «■ 

Ix>wor ^Moevtonx— •• 

Salt , 

Shato 

Salt 

a Btshofp, T. P., c^. rit., p. 24. 

Log of well at Perry, Wyoming County, N. y.« 




DapCli* 



Fert. 
128) 
!,<•» 
I,ti30 
2,015 
2,010 
2,071 
2,111 



Material. 



Slate 

Limestone... 

Salt and shale i. 

Solid salt 

Slate, with little salt 

Salt and abMit in about equal parts 

Solid salt. 

Slate 




« Bishop, I. P., op. elt., p. 24. 
Log of well of J)uncan Salt Co., Silver Springs, Wyoming County, A'. y.« 

Material. 



Oravel and quicksand.. 
Slato and sandstones... 
Limestone, C 'Ornifcrous. 
liiaestonc, Belderberg. 



isalt. 

nato 

Salt, pure 



shale, mixed. 




Fret. 
223 

i,6n 

2,ltt» 
2,134 
2,134 
2,179 
2,^ 



• Bishop, I. P., tap, eit., p. 23. 
•to*; */ typical wdlseelionntar Silver Spriny 8, Wyoniing County, N. Tfi 

Material. 



Clay, jntirel^aiidquiciEsand 

niue stone... 

Shale or slate 

Bedrock.. •. 

i ntdk with shells (Comifcrous) . 

onatooll) 

trocko*..... 




•Fomfshcd by suixTintcndnit of Worcester Salt Co., Sfirer Springs, N. Y. 
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SALT RESOURCES OF THE UNITED STATES. 
Log of imU at CiMsiile, Wymniuff CtmtUff, X. Y,^ 



Material. 



8oU , 

fondstone, argUlaoeow. 175 feet or. ^ , 

Shale, blue, QM^Fiamm lit «oler and IwrdiMas 

Flint shell 

BuiWiiii,' stone, nearly like the first 

.ShAle, black, nearly like coal, lower imrt much darker th;iii up|)»'r f Marei'llu< slule i 

Limestone, Corniferous 

Alternate layers of hiird and soft rock, two-tbir(is of which was as liard as flnit and 

the rest shale 

Soft slate saturated with brine 

Salt and shato nilXMl; aooMMdt orystatk 

Clear salt , 

Slate 

tiait and slato, 5 feet of which was salt 



Thick- 
ness. 



.1 



Fcff. 
\i 
1*1 
7H6 
10 
fill) 
ItM 
IW 

320 
101) 
3j 
45 
40 
70 



Depth. 



49 
» 

1,015 
1,025 
1,675 

2,233 
2,3*5 
2,370 
2, 115 
2,455 
2,525 



• Bidiop, I. P., op. dt., pp. 25-36. 

Log ofwdl Bliss 8aU A Oil Co., BKss, Wyoming County, X, r.o 

Material. 



Depth. 



'"'(Bid nil 

MOA ' ' 

TUfd 

TItail. 



and fiat (solid) . 

pure) 

(soiid). 




« Merrill. F. J, H., New York State Mus. BulL 11, vol. 8, 1893. 
Log of vfdl at Cahdoiaa, Livingston County, X. 



Matnrisl. 



Thick- 


Deptlk. 










Ffti. 


Fett. 


6 


• 


20 


M 


US 


174 


50 


224 


151 


»7S 




600 


oO 


650 


25 


675 


» 


1 



Biirface suil 

Shale, Marcellus „ 

Limesloue, Com iterous 



Gypsum and shale . 
Hydraulic lime and Melderlx'r);. 

Shales and rock 

Salhic shale (brine at 600 feet) . . , 

Salt 

Kock ^ 



• Bishop, I. P., op. dt, pp. 26-37. 

Log of ivell of York Salt Co., York, Livingston Connty, X. y.<» 



Material. 




Oiniiferous. 
■dderberg. 



Thick- I 
ncss. 

Act. 
SB 

m 

m 

> SM 
10 



I>opth. 



Salt. 



31 
6 

10 
27 
41 



Act. 



180 



710 
737 
778 



« Bishop, I. P., op. dt., p. 37. 
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>JEW YOKK, 31 
Lofafwtll fif LUingttem Salt Co., Piferd, LirinfftUm Countjf^ X. !"« 



UaterteL 



Bets, etc 

Shale 

liitBCStonc. Coraiierjiti 

Lower Helderberg and shales. 

S«dt 

Shale 

Salt 

Shale 

Salt 

Shale 

Salt 



Thick- 
ness. 



Fett. 
l» 

77 

« 
11 

5! 

62 i 



l>cpth. 



Feet. 



158 
2U 
3iS 
838 
ft.'i6 
84S 
873 
877 
879 

fm 

S61 



1 



• Bbluv, I. v., op. dt., p. 27. 
Log well of Gmute Salt Co., Piffard, Liiit^ton County, X. 1'." 



UaterliU. 



Clay : 

Gravel, stroozh* alkaline 
Clay (end of drive pipe) 
Shale, blucv straagfy r 

Shale, blue. 

Shale, black 

Shale, black, and lime 

Solid limo, Comilerons 

Deoomposed mica : 

SqJU Ume, Comiferooit, and oil 

Unw and shale, gas and oil 

Ltnw and shale, gas and oil 

Line, Comilerous, some oU, little gas 

00 or pehhie loek (fimdted oU-bearing rock) . 

ShdltnttiiiefnidofflBlfiMiDg) 

Lime 



Thlck- 

B»t4. 



FetL 

72 
S 
2 

13 

m 

IS 

la 



lX>pth. 



Fiet. 



72 
75 
77 
» 
2S» 

9a 

2«3 



Shale, blue or gray 

Salt shale and sal t (seeond casing to 510 fee t ) . 

SiBne shale (eased to 7as feet) 

Salt shales, ant (oekM^ftt 880 feet 

Bock salt V. 

8tete rode 

Bock salt ••»*••••••..«.............. . ........ 

Belt slate. 

Bode salt 

Slate....: 



43 

2 

3 
91 
12 

8 
M 
40 
317 

7 
182 

5 
30 

8 
U 
53 

5 



333 
334 
423 
437 
413 
4(t 

an 

7W 
735 
847 



013 
807 



• Famlslwd by supertaUendent of eonpanj. 



Note.— Fir:st flow- of hrine OVi' saliiMter) at TlSfcet 
725 feet registered t^i" .salimcier. 



to aboot 60 fNt front the suriiMe. The brine 



Log o/ u'dl of Genetee Salt Co., Piffard^ Livingston County ^ X. 



Material. 



Cl«ar«nd gravel 

"Limestone and shale . . . 
Limestooe^GsniiBroiis 

Slate 

tlray lime (waiter lUne) 

Slate :ind shale 

Ttock salt... , 

Sbo^le 

Hoeksalt 

Sbale , 

Ro^salt , 

SbAlo. , 




Bepth. 



Frrt. 



&( 
2.50 
392 
39« 
7tW 
H73 

912 

ai-i 

9r> 

9s:l 
9i«7 



• Merrill, F. J. H., Xev York State Mvs. BuU. 11, vol. 3, ItOS. 
Kon.~Btlne of <8* aaUmeter at 70S feet. 
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Lttg of well a shtrl dUlance a6oi7c Genaee Co.*i workSf rij'ard, Licingslon County , X. I'o 



M.lrrii!. 



I Thlck- 
ness. 



SSS. 
BMk 



nit. 



836 
2 
4 
12 
28 
• 
9 
51 



Depth. 



Feet. 



W7 



a Oilbop, I. P., Neir York State Geologist Fifth Ann. Rept., p. 28, UH. 
Loj^ i('e/< o/Retiof Mining Co., Piffardy Lidngston County, .V. Yfi 



Materbl. 



Fiierin;.] liinc-to'.io 

Hamilton shaio (Maicow shaic)... 
Dark shales ....,..,.«,,..,........ 

Ivimcstoiio 

Ludlnw shale (Hamilton sbalc)... 

Limrstonc 

Maici'lliis shalr 

Liracstoiic, Corniffious 

Shale 

Limestoijc, Comifc rnus , 

Limestone, Ononila^fu 

Hydraulic limestone (water lime). 

Sandstone..* 

(Ij'psura. 



Hydraulic Umestone 

IJypsum 

\(agnesian limestone (water lime). 

Hydraulic limestone , 

Shales, blue 

Limestone, HehlcrberK.. 

Shales, blue 

LinH--toiie. IIi'ldorlK'rg.... ....... 

fJinc^tdiic and sandstone......... 

llydriiulic limestone 

Lirarslono and cement 

Hydraulic limestooe.... 

Shale, l)h!e 

Shale, red 

Limestone 

Shale, red 

Shale, blue. 

Limestone 

Salt shale 

Rock salt 



Thick- 
ness. 



Fttt. 

8 
40 
«3 

216 
4 



2 
1 

140 
1 
13 
14 
4 

25 
4 
»v3 
14 
25 
10 
12 
17 
31 
10 
IS 

G 
10 
12 
41 

5 
12 
12 
fil 

2 



Depth. 



Fttt. 

8 

4» 

m 

149 
S65 

4fl.H 
410 
411 
.151 
h!a 
565 
57V 
SS3 
608 
»15S 
718 
732 
757 
767 
779 
79fi 
S27 
KM 

S:,2 

.S5S 
S77 
889 
930 
035 

1.010 
1,012 



a 3lCerriU, P. J. H., New York State Mas. BuU. 11, toI. 3, 1888. 
Log of weU of ReUof Mining Co., Pijfard, Livirigtlon County, N. Ya 

UaterJal. 



Depth. 




Shalt' and slate 

Shale, Hamilton 

Limestone, Corniforoiu 

Shale (water lime) 

Helderbcrg (I'pper and l-owcr). 

Shale 

Salt 

Shale , 

Salt 

Shale , 

Sail 



« Merrill, F. J. H., op. cit. 
Note—First well stuik on t'ae property wlierc the shoft h noiw. 
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Log of Uie main hoisling sJut/l, RcUof Mining Co., ReUo/, LiiingsUm County, N. F.« 



Material. 




Shale 

l.imc 

Shalo 

F-iino 

Shale 

Limp 

Coniiforoas. 

Cement . , 

SancMiiMC.. 

Oinciit 

Sandstone.. 
< lypsum. .., 
("cincnt . 



<iypsum. 

Magnesium IbOMtoiie and aaild . 

rerncnt 

Shale, blue.... 

Cement 



Sliale, blue 

Cement, Plelderberg. 

" Mixture".,,, 

Cement. 



Lime, ccmen^ and aud. 
Cement . . ............... 

Shale, l)hie , 

Shale, red , 

Shale, tilue.,,..,. 

Shale, rod..... ., 

Shale, bliM.. 

Lime . 



Salt and shale 

Foot of sbaft In rook salt. 



r,ft. 

133 
8 

232 
4 
23 
3 

142 
13 
4 
7 
14 
4 

26 
47 
63 
14 
25 
10 
12 
17 
31 
10 
1ft 

6 
19 
12 
41 

5 
12 
12 
32 
21 



I>epth. 



Fed. 
133 
141 
373 
377 
400 
403 
545 
5M 
562 
560 
5«3 
587 
613 
660 
723 
737 
762 
772 
7H4 

sni 

832 
842 
857 
863 
882 
8M 
015 
940 
«fi2 
964 
996 
1,017 



•ObCaiMd tbroa^ tha ooartesy of Ut. Frank Rimdio^ gowcal s u pari n tandant of Ratsof Iflning Co. 

Log oj well at (JrcigsuUle, Liviugston Counly, A'. 11,<» 



Matarial. 



Alluvial deposit, sand, day, f to 

Kocks l)clonging to the Ua^nilton group 

Limestone 

MarcelluH shale, etc 

Limestone, Cornirerous..... 

Umestone, Onondaga... 

Water Ume 

Shale, Rypaaops 

Shale, red..#.,.. 

Limestone 

Sbale, green and rod alternating 

First salt vein, followed by shale 

S<'oond salt vein, with shale below 

Third salt vein, with shale below 

Fourth salt vein 

Shale between salt veias 



• lleiTlll, F. J. H., Naw York Btata Mas. BoU. 11, vol. 1808. 
40104*— IS— Boll. CG9 8 



Dapth. 



Ftet. 



60 
172 
182 
442 

592 
602 
642 

717 

729 
TH 

1,011) 
1.012 

1 . nil) 
1 , o:{'j 
l.n<i3 
1,138 
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Log o/todl ^ee^^ptarUr* of a miU touth of GreigtviUe, Idvingtlon County, K. Y".^ 



HntorlaU 



Alluvium 

BamUt«n«halea 

Limestone 

Marcollus (etc.) shalo 

- UmestoQC, Cornifennu — 

I^pestone, OnondflC* 

WftterUnie.... 

flbftKgypaeous...^. 

Vint smit bed 

8«c(md!wttbed 

Tliird salt bed 

Fourth salt bed 

With shale bctnrcen veins. 



Thick- 

UCiiS. 




Deptli. 



Fret. 

ia> 

2.-i(» 
362 
AW 

5^2 
602 
6S0 
770 

i.ai". 

I.OIH 
1,07D 

1,0A2 



a Ucrrill, F. J. H.» op. tit. 
Lotj oj well of Phoenix Salt Co., CnylerrilUy Lhingtton Covniyf N. Yfi 



Soil, etc 

fihalcs, UMniltoa. 

Umestcaie, Comifennis. 
Water 1 ime and shale. . . 

Bait 

Shale 

Mt 




Art. 

m 

mo 

1,110 

i.m 

1,117 
1 14$ 



« RislK.p, I I'., N*ow York SUte Geolflsist Filth Ana. Hopl., p. :U), l^Xi. 
Log of well of Ltu kawanm Sail Co,, Mount HforriSj LivingsUm County ^ N. Y,<^ 



Ifoterbl. 



Thick- 
ness. 



Shale, Hanlttoii 

UauetoiiBf CSornifcroiKt , 

Lower HdderbeK limflstone and shsir . 

Salt and sdude, mixed , 

Salt, pure 

Hard rook 

Salt 




Depth. 



Fert. 
fiOO 
710 
1,101 
1,215 

I.m 

1.2W 



a Bishop, I. P., Op. cit., p. 30. 

Loij of veil of Itoyal Sail To., I^ownt MorriSf Livingston Count j, X. Yfi 



Material. 



Soil 

Shale 

Limestone, Comifcrous 

Water lime 

Lower HfklcrlH^riy; 

Salina shale 

Salt and shalo, mixed 

Salt 

Slate 

Salt (drill iitoppcd in salt). 



TWck- 



D<«pth. 



Fed. 
191 
479 
ISO 
50 
2.-rf) 
170 
4 
20 

:{.'> 



Feet. 
191 
A70 
839 

m 

1,121) 
I , J ») 
1.2t4 
l,:n4 

1,423 



I 



• Bjabop, I. P., op. cit., p. 31. 
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Log o/vmU of Cone$ua Lakt 8aU ie Mimng Co.y Laktville, Liringiton County^ X. Yfl 

llBterial. 



Sofl.... 
Shale, lower 



rjMrtlHtm 
Corniferoas 



UtmnfeMNis; wtthflM and some oil. 



LimestflOB, Helderberg. 

Shale 

Salt (very clear) 

Soft shale 

Salt 




• Bishop, I. P., op. cit., p. 31. 

Log tf Livonia well, bored by Mr. Toictuend, half a milt 'north of Licoiwi, Lii iifjgton 

CourUy, N. V.« 



Mfrterlal. 



Grarcl ^ 

Sand and olagr...., 

Slate rock 

Nature of strata OOl Stated. 
Sandstone. . ................ 

Slate rock 

Flint rock 

Limestone 

Slate and salt 

tut 




• Merrill, F. J. H., New York State Mus. RuIL II, vol. 3, issft. 
Log of Livonia Mha/t, Livonia^ Livingston County, X. I'.o 



Depth. 



Frtt. 


Feet. 


90 


90 


2S0 


313 


65 


405 


•) 


411 


Irt 


421 




im 


110 




3I« 


l.l'JO 


S 


1,1»S 


32i 



•^^ ,♦< ».' V ii,>it^r 



Ibterfal. 




Drift 

Hamilton shales and limestones 

Man^Uus °^filimi«Tii1 Umeetonen 

Limestone, C a iB MM o m yCherty I 

Water lime 

Gypseous .shalos and limei>tonos(tirjt suit in thin veins) 

Bhalos and limestonea With amallaunounts of aedt and gypsum (first salt bed 8 

inches toS feet thick) 

Shale 

Shale, with salt inseamsand Telns.. 

Crystalline ^t. 

Shale 

Salt, withtognenta of shale 

Salt 

Limestone 

Shale 

Salt, with fragneots of shale 

Limestone.. - 

Shale, with thin byen ef sali 

Bottom of dHft . 



«l 
74S 

54 
135 

2? 
324 

21 
4 

a 

2 

1 
It 

IS 
6 

.it 

4 

311 



Depth. 



Feet. 

812 

l.OlU 
1,024 
1,34S 

1,373 
1.375 
1,377 
1,37S 

i»a8» 

1,402 
1,4QS 

1,425 
1,427 
1.431 



a Merrill, F. J. U., op. clt. 
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Log of well on Reed far ait LivoniOf Linngiion County, i\r. 



Clay, gravel, and sand . 
Rhale. 



Sand rock 

Slate (shale?) 

Limestone, Corniferous. 

Hydraulic limo 

Limerock 

Bhaleand salt 

Pure salt 



Thick- 
ness. 



Salt ami shale. 

Pure stilt 

Softshal* 



50 
464 

10 
302 
133 

45 
3l3i 

11$ 

35 
8 

15 
114 



Depth. 



Feet. 
56 

sao 

832 
965 
1,010 
1,323» 
1,335 
1,370 
1.378 
1,303 
1,807 



Bislicp, I. P., New York Slato Mns. Forty-fifth Ann. K( i>t.. p. .'jT. l-^.'.'. [Fiimishtsd by J>, D. Luther.) 
Log oj u (11 ai Xniidti, Liii)i<fston County, X. 1"." 



Shale, blu« 

Sbale, black, with some gas 

8uid8toiie,a(8Ulaoeoiu...... 

Slate, Uditwored, with a small show of oil . 
BanlstSukD^ 



pyrites* •••*•••••««•' 
^smona, Conilfwoas.. 

Sandrook , 

Salt and shale, ndxed... 

Pure salt ^. 

Salt and shale, mixed... 
Black sbale without salt . 




Depth. 



Ftet. 

«S 
533 
643 
1,016 
1,0M 
1,50 

1,818 

2,000 

2,Qn 

2,020 

2,10S 

2 140 

2,22S 



• Bishop, I. P., New York SUte OeoloBUt FUth Ami. Bept., p. 26, 1885. 
Log of -veil ofDamvUU Oil, Gai & Mining Co., Dan$villet Livingtton County , N, Ti* 

Material. 



Soil 

Gravel 

Shale, hard, grtt^ 

Gritty slate 

Dwk sand like Bradford 

Slate and shale 

Hardtimestono (dark color). . . 
Hard *'granite" (Comilferous). 

Limestone, hard 

Lbneatcme. Tery bard 

SoBd salt (dry rook) 

LtaDMtCMM.lHUrd 

ChookadhSte 




a Merrill, F. J. H., New York State Mus. Bull. 11, vol. 3, 1^93. 
Logofwdloi Mutionville, near Bristol, Onfnrio County, X. V." 



Material. 



-Shale, aliout 

Limestone, about. 




Depth. 



Fift. 



•).V) 



b 1,000 



• BidlOp,L P., New York Stalf Oonlo^:!'-; 1-iftli Ann. Keitt.. n. 32. I'^s,'. 
» Than moie than 800 feet ul shale and suit, with ruck salt at tue i>ottom. 
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Log qfwU ol CiyUm Springi, Ontario County, X, F.« 



Material. 



Limestone, Coriiifcrous 

Limestone- 

Limestone, CorniXerous 

Hard samlroek 

Slates und shales 

Salt (reported but BOt ttun) 
Sfu.lc and slate 




Fret. 



70 
7t) 
141 
153 
6o0 
670 
710 



• Merrill, F. J. H.» New York State Mus. Bull. 11, toI. 8, im. 

L(Hj of (u'onjc (}. Hill salt v eil, WalHns, Schuyler Coinilif, X. 



Material. 



InretordeUl 

C'TAy sliale 

Salt(l) 

I.imostoae with occasional layers ol sliale. 

Salt (2) i 

Brown shale... 

Salt (3) , 

Brown shale........... 

Salt (4) 

Brown sh&le.... 

Salt (5) 

Brown shale 

Salt (6) 

Limestone smd i 

Salt (7) 

Very hard UmeiUHU. 



Depth. 




« Kindle. E. M.. r. S. (Jeol. Survc}' Bull. 2i o, j, Vis, igOT,. 
Note.— Thereoord at Watklnsshows the salt to be dJstribttted UurouKhout 815 feet U the Salioa temallon. 

Log ofwdl Xo. 6, InUmaticnal Salt Co., Watkim, Schuyler County, X. Y. 



Drive pipe, 8-liich. 

Shale 

Limestone, water.. 

Shiile 

Lime 
Shale. 
Li 

Shale.....«w 




wBtw at 1,200 leot 



Sand 

Lhnestonc; casing , 6) 1 nch , to 1 ,620 feet 

Shale and lime shells; salt water at 1 fiiW feet . . 
Sand and lime shells; black water at 1,877 feet. 

Shale and lime shells 

(3^ 



Pepth. 




NOTK.— The Tntorn:if ional Salt Co. \\,\s seven well<: from which artificial brines are obtaine<l for the manii- 
factiiroofsalt. Tlic ■.v .'il .iredistributwi alont!si<ic Mie plant near t tn- t ilgeof Lake Senei-a, and are located 
a hundn^d fcn't or iniiro apart in the (oHowing order from north to south, Nos. 1. 7, ti, 4, 2, 5, 3. The first 
four were driile<l about 18g3,Sla.5altUI«l«ter,aiMlN<M.««nd7al)OOt UOS (T). TlMctopthsoftlM wtUsan 
as given on page 38. 
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Log oj wdl No. 7, International Salt Co,, Watkins, Sehuifler County, X. Y 



Material 



r>r i ve pipa. 104iic3i 

Li nie gtODa,wtw 

Shale 

LimeitOM, water 

flhala 

I i lm aii tfl iiia, 

Sbala 

Shate: fwatl/MOfoet 

Ltauftone 

Sand 

Una 
and 

Lima 

^ -- » 

Limestone 

Shate and lime shells: salt water at l,ino feet 

Sand and lime shells: black w-ater at 1,677 feat COhbidi casing to 1,090 feet) 

Shale and lime shells 

Salt 




Note.— lO-lQch hole to 660 feet, and »-inch hole from 600 to l,(m feet. 

Depths of vfeUi of InterwUitnud Salt Co., Wathim, N. Y. 




Total 
depth. 



1 

2. 
3. 
4. 
.6. 
6. 
7. 



Fcrf. 
1 , 7<'iO 
1,775 
1,"S0 
l,7ti9 
1,-W 
1,778 
1,779 



Ftet. 

1, m 

l.SSJ 
l,S7'» 



Log oJ well at Aurora, Cayuga County, iV'. i'.o 



Material. 



Depth. 



Soil 

Blue day 

G ravel and tfiale 

Slate : 

Fine blacit sand 

Slate (cased oil at 485 leet) 

Slate 

Limestone, Corniferous. 

Slate (?) (stronx flow of 24* brine, at fiOO ftet) 

Timeatoiie (T) (sand) 

Slate 

Gypsum (strana brine at MO feet) 

Sdiroek (laterloaiid to tw salt shale) 

ghale...... , 

Oypaunu 



• Bishop, L P., Mew York State Oeolagist Fiftb Ann. Sept., pp. 39-04, 13S5. 
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Log of wett No. 1 €!f RmingUm SaU Co:, near Ilhaca, Tomphint Covnty, X. r.« 



MMerM. 



Lime, Portage 

Shale, Oenesoe 

Limestone, Tully 

Ilamiltun sbale 

Marcel Ills 

Limestone, Corniferous 
Sandstone, '>ri*-kriny. . 

Lower lIelderlH'r.< 

Salt, OnondaR-a 

Salt 

Limcrock 

Salt 

Bock 



Thick- 
ness. 



Fret. 

m 
m 
ao 

1,360 
80 
73 
23 
12S 
14H 
42 
8 
44 
3 



Depth. 



Feet. 
130 
SS5 
285 

1, «45 
1,725 
1,800 
1,822 
1,947 
2,085 
2.1S7 
2. 1 

2. IHil 
3,1«2 



a Recot'l furni.she<l by s»iperinten<lcnl. 
Note.— Piping, feet; Oi-inch citing. 4 j2 feet; 3i-i«th tuhin;:, 2,l\i fwt. 

Log of.utU at Ithaca^ Tomphin* County^ X. y.c 



Thick- 



i.TvSly 

Bamnton ftrotip 

Maroeltus shale 

l^imestone, Cornirfrous 

Sandstone, Orlskanv 

Umestone. Lower HelderU-rR. 
Shale. 



First rock salt... 

Shale 

Second rock salt. 
Shale. 



Third rock salt.. 

Shale 

Fourth 1 
Sluiie. 



Fifth rockaatt 

Shale 

Sixth rockialt 



ShiUt 

Seventh nx kaalt 

Shale, green 

Shaie, mottled rad and green. 
Sbale, groen. 



'I 



FeH. 
310 
100 
M 
1.112 
82 
78 
18 
113 
344 
24 
6 
VI 

1> 

17 
31 
21 
07 
42 
24 
48 
82 
42 

308 
6 

157 



D«ptii. 



Act. 



340 



47» 
1.812 

1.604 
1,772 
1.7«« 

1, '>K1 
•J. 24 I 

•_'.;;2'? 

•2. 

2. ?J,7 
2,:!i< 

2. ijy* 

2, 47-. 
2..'.1H 
2.542 

2.672 
2.714 

3.022 

n.02H 

3.1S9 



•Fnaaar, C. 8. (quoted bj F. J. H. Merrill). Xev York State Um. Bull. 11. toI. 3. 1883. 

Log of well Xo. 3, Intenialioiuii Suit ' o., near Meyers^ Tompkins County, X. IT." 



Ibterlal. 



Thick- 



LiRht sliulf 

Marf'I'iH hhiek- shiile, 
ConiifiTuiis limestone 
Oriskaiiy sandstone . . 
Hclderlxirg limestone. 
Limestone and shale . 




Depth. 



Fee'. 

l.o:>.> 
i.rii 
1, m 

1.274 
l.oOO 



■ B<ff1?fJ fnrm^f'M^ *y t>M> y«frititondimt of thu plant, Mp, Janwia fiftMMy. 
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Log of well Xo. 4 [f\f International SaU Co., near Meyers, TompKnt County ^ N". Yfi 



Sf»terlal. 



Light shale 

Marcellus hhiok sh.ilp... 
Comiferous limestone . . . 

Oriskany sandstone 

Uelderlierg limestone..., 
Limeitsneaiiddiale — 


Salt 




Deptk. 



Feet. 
900 
1.005 
1.060 
1,092 
1,1'(J0 
1,430 
l,4(jU 
1,490 
1,553 



• Record funUshed by tlio saperintendent of the plent, Mr. James Cooney. 
(Two different records were marked as from well Xo. 4.) 

Lo(j nf ircJI Xo. 4 [.'], lufcriKitional Salt Co., near Meifcrs, To)iipJ:lus ('omrfij, N. Y"." 



Material. 



Tbfck- 



Lipht shale. 



Marcellus shale 

ComiferouK limestone. 
Oriskanj' limestone . . 
HelderWrg limestone. 
Limestone and shale . . 



I 



Fat. 
870 
79 
80 
25 
106 
208 



Depth. 



F(ft. 
h7Q 
949 
1.029 
l.OM 
1, ItiO 
L368 



« Record fUmidied by the saperfnteadost of tb« plant, Mr. James Cooney. 
(Two different records were marked as firom well No. 4.) 

Log of deep State well of 1884, Syracuse, Onondaga County, X. V.a 



Material. 



Thick- 
ness. 



Depth. 



Red sha1<», followed by sand, gravel, etc . 

Limestone and shales, Niagara 

Limestones and shales 

Clinton iron ore 

Shales. 



Shales, magnesian limestone; quartz particles first noticed 

Shales, alternating with quartz and sand 

Red-brown sandstone alternating with gray, brown, ereen, etc., with shale 

S a adataneofvar to UBeoio r spw don il nft t in g with some shale and late mixed in layers . 



Fe€t. 
S7S 
72 
345 
5 
5 
3 
67 
374 
520 



F<ct. 
578 
650 
995 
1.000 

i,oa5 
i.oos 

1,075 
1,449 

L«Q» 



a Merrill, F. J. H., Mew York State Mus. Bull. 11. vol. 3, 1893. 

NoTK.— For details in regard to this and the Oale well (p. 41), see New York State Geologist -\nn. Rept '- 
for 1«84. 

iMg of well of Solvay Process Co., Cardiff, Onmdaga County, K. 



Matttial. 



Shales, Hamilton 

Limestone, Comiferous.. 

lijmer and Lower Uclderijerg. 
Kea flludeB . 



Thick- 
ness. 



F((t. 
244 
148 

100 



tfMerrin,F. J..H., op.cit. 



Depth. 



244 

392 
744 

m 
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\V ater lime and gypseuus shales. 
ReddMlM 




« Iferrtn, F. J. H., op. dt. t> Stopped in red shales. 

Log of well ofSolvay Prdcets Co., Tully, Onondaga County , N. Yfi 



MMwiil. 




Depfh. 



Fra. 

Shales, Hamilt on 678 

Shales, M irct'llii'^ 40 

T.imosf oiu', C'oriiiferoiis 150 

\\ .iter liiiiP ' 50 

Limestone, Held«rben{ I 294 

Kock aait«#y^y^if ^<»^»»«»»»««»»«»«««-«»»»-»»»»»««»»«»««»««»«»««»«»««««««»»««««t 47 

a Merrill, 1'. J. II., op. cit. 

Log of GaU well, Green PoirU, Onondaga County, N. Ya 



Uaterial. 

Ited ?hal« 

Limestone and shale, Niagara 

J jmestoue and shale 

Clinton ore 

Shales with some limestone 

Dirt)' bro\vn and gray sand mixo<l (jiiartz flrstnotlMd...... 

Shale& sandstone, and quarts alternating 

£taailinaai|^|l|| OMilM of vaiioaa ookm mixed with quarti, etc., to bottom of well .. . 

a Mvrrill, F. J. H., op. dt. 

Log of well at MorrmiUe, Maditon CourUy, N", Yfi 

:^ . . Material. 

— . y J .. .• — ' f ■ ■ 

Shifce, Hamilton 

Shales, hiarpellus 

limestone, Comifemis , 

Limestone, Lower HiKtaitarg 

Limestone, bydraallo...4k 

Shale, light gray 

Shale, dark red 

Marl, RTf^en and bine 

Marl, green and blue, with 30 feet of limestone 

Rock salt 

Marl, rwl and green vari^ted 

Marl, red 

Marl, green and blue 

'i, rod i. 

I, blue, and ttmestone (Niagara formation) 

I, blue 

I, blue, and limestone (Clinton) 





Depth. 



Fleet, 

m 
m 

441 
6S0 
975 

1.018 
1,Q2S 
1,110 
1,280 
•1,271 
1,400 
1,400 
1,585 
1,790 
1,840 
1,871 
1,888 



• Proamr, C. 8., quoted by F. J. H. Merrill, op. dt. 
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' ' Geological map oi salt district; New York State Geologist Sixteenth Ami. 
Kept., p. 172, 1899; New York State Mus. Fiftieth Ann. Bept., vol. 2, p. 172, 1899. 

Matbbx, W. W., Salt manufacture: New York State Nat. Hist. Survey Ann. Rept., 
183C, p. 87, 1837. 

Brine sprinp?. licks, etc.: New York State Nat. Hiat. Survey Ann. Bept., 

1839, pp. 233-235, 1«40. 

■ '■ — Sulphate of magtiessia, muriate of soda, and muriate of lime: Geologj' of New 

York, pt. 1, pp. 86-88, 1843. 
Mbbbill, F. J, H., Salt and gypsum industries of New York: New York Stat^ Mus. 
Bull. 11, 89 pp., 1893. Contains map of New York showing salt wells and gyp- 
sum qnarries, map of western salt field of New York, and chart of well .sefti()ns. 
.——Salt and gypsum industries of New York — alK<;trart: New Y >rk State Mu.s. 
Bull. 15, pp. 54-5-551, 1895; New York State Mus. Forty -eighth Ann. Kept., 
vol. 1, pp. 545-551, 1895. 
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ICbrrit.l. p. J. fl., Pnuliioors of fKilf in Now York Statr Xf»w York State >rus. liull. 
I'j, pp. 549-5oO, 1895; }\ew iork Slate Mua. Furty-oigUth Ann, Kept., vol, 1, 

pp. 549 ooO, J 895. 

Salt: New York State Mus. Bull. 10, pp. 223-224, 189Sj New York State MuB- 

Fifty-fint Ann. Rept,, vol. 1, pp, 1899, 
Xbwland, D, H., T^e mitiini,' and quarry industrj^ of New York State: Report of 

opemtionfl wd production in 1904: New York State Mua. Bull. 93, pp. 946-940, 

1905. 

The iuiiiiiig and quarry industry of New York State; KejHjrt of operaiion.' and 

produrtioii during 1907: New York State Mua. Bull. 120, pp. 52-55, 1908. 
■ The mining and quarry industry of New Ywk State; Report oi operations and 
production during 1908: New Y«»rk State Mus. Bull. 132, pp. 52-5G, 1909. 
■ Tlie mining and quarry induHtry of New York State; Repf»rt of operafifms anif 

prtKlu' tif>n during 1909: New York State "SUi^. Bull. 142, pp. 64-4)7, 1910. 

Note.— Newlaud liaa continued to prepare annual reports similar to those 
cited. 

Vamuzsm, Lakombr, Fint annual report of the geological survey of tb.e fourth dia* 
trict of New York: New York Geol. Survey .\nn. Rept.» 1836, pp. 187-212, 1837. 
— — Montezuma brine sprii^sa: New York Geol. Smrvey Ann. Rept., 1838, pp. 

270 271?, ]s:>!>. 

Salt wells or Ijorings of Onondaga: New York Geoi. Survey Ann. Kept., 1S3S, 

pp. 262-270, 284-2.S5, 1839; idem, 1^10, pp. 13^147, 1841. ' 

Hopper<ahaped caritUeo in Onondaga salt group; Rock salt: Geology of New 

York, pt. 3, pp. 102, 280-283, 287, 1842. 

———Salt boring in Broome (^ounty: (Jeolojry of New York, i>f. 3, ]>p. 295 290, 1842. 

WBiriocK, H. P., Halite (ruck salt;: New York State Mus. Bull. pp. 63-64, 1902. 

For some years Michigan lias ranked first among Iho States in both 
quantity and value of iho salt prochK eel. The suit is derived from 
two distinct sources — rock suit and natural lu'ines — and is obtained 
by open-pan, grainer, and vacuum-pan methods of evaporation. Tho 
industry based on rock salt is of muclx greater importance than that 
based on natural brine. 

POSITION OF FIEIJ>S. 

Salt is produced in throe distinct parts of the State. The districts 
(see Pi. 1, p. 12) are (1) in the southeastern part of the State along 
Detroit and St. Clair rivers; (2) in approximately the central part of 
t he Lower Pcminsula, especially in the Saginaw Valley, and (3) along 
the western shore of the Lower Peninsula. 

iiXRATIGK.^Pai AND STBUCTLBE. 

The salt produced in the southeastern part of the State and along 
the western shore is derived from rock-salt beds ia the Salina forma- 
tion, underljing the Monroe group (Silurian); that produced in the 
Saginaw VaUey comes from natural brines in the Marshall sandstone 
(Mississippian). These brines are of importance also as sources of 
bromine and calcium chloride, as well as of other calcium and mag* 
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nesium compounds. The positions of tbo rock-salt bods and tho 
brine-liearing horizon in the geologic column of the State and their 
relations to the overlying and underl\nDg beds are shown in Plate V. 

The Lower Peninsula of Michigan is a syncline or basin. The salt 
beds that are worked in the southeastern part o£ it dip northwest 
toward the center of the State and outcrop again on the shore of Lake 
Mchigan and the Strait of Mackinac. The salt beds that are worked 
at Tarying depths along Detroit and St. Gair riyers lie Tery much 
deeper in the central part of the State, but as they appi oach the shore 
of Lake Michigan they again rise and are worked by means of deep 
wells in the vicinity of Manistee and Ludington. The major strao* 
tural features of the Lower Peninsula are broiiglit out in figure 2. 
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«f til* loiw lOdiJgaii bttta. (Alter A. C, Lane, U. B. QeoL 8amr Wa«e»> 
Supply F^ver 1M« IfW^ with modlfloBtlflin.) 



KOVXOB OSOVP AJn> SALnrA FOBXATIOV. 



CHARACTER XSD EXTENT. 

The rock salt of tho Lower Peninsula of Michigan is found in beds 
undorh-ing the Mod roe group and consisting of Silui'ian rocks now 
generall}" accepted as belonging to the Salina formation, althoiitrh in 
tlio earlier reports they were includetl in the Monroe. (See PI. 

Tlie term Monroe was introduced into geologic nomenclature in 
1893 ^ by M. E. Wadsworth and A. C. Lane, being applied to rocks 
underlying the Dundee limestone and overlying (whether directly 
or indirectly not indicated) 650 to 2,000 feet of dolomite, salt, and 
anhydrite containing the fourth brine. As later defined,^ the term 

> Wadiwwth, M. B., lOehlsra GeoL Sorvey IUp<. for 18BI and isas, p. 

« Lane, A. C, The freology of Lower Michigan with reference to deep borings: Mirhigan Oeol. Survey, 
VOL 5, pt. 2, pp. 26-28^ iSitS; Holes oa tbe geological tiectiou of Hicbigau; Michigan Oeol. Survey Ajin. Rept. 
lerlfl(H^p.«7,i«oa 
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was made to include all the Silurian rocks above the Niagara, as it was 
found difficult to separate the Salina from the beds above, owing to the i 
fact that the latest salt bed is not always at the same horison, and it 
is particularly difficult to know where to draw the line where no salt 
exists. The Monroe as thus defined was described ^ "as extending 
from the limestones of the overlying Dundee down to the lowest 
gypsiferous beds and as consisting mainly of buff dolomites and cal* 
careous and argillaceous marls associated with anhydrite and rock 
salt." 

The present generally accepted definition of Monroe, however, 
restricts the name to the rocks overlying the salt-bearing beds and 
underlying the Dundee limestone, including 1,200 feet or more of 
strictly marine strata, chiefly dolomite, divided into Detroit River 
dolomite (275 feet thick) at the top, Sylvania sandstone (440 feet 
thick) in the middle, and Bass Islands dolomite (500 feet thick) at 
the base; the salt-bearing deposits, which are considered by Orabau 
and others to be of nonmarine origm and lithologically resemble as 
well as occupy the stratigraphic position of the Salina formation of 
New York, are considered as representing the western accumulations 
of the Salina sea. 

What Lane says regarding the Monroe beds (the name at that time 
being used by him to include not only the Monroe group, as now 
generally accepted, but the underlying Salina formation as well) is 
of peculiar^ interest with reference to the subject of salt in general, 
and in Michigan and Ohio in particular. It is therefore given below 
in full.* 

The iH i iod of t he Monroe beds in tliat of the Salina and Lower HelderiM rg At that 
time Michigan was covered by an exceesively salt sea wldch stretched from W isconsin 
to New York, was bounded by a continent on the north and east, on the west by loir 
land in Wisconsin (the edge of the Helderbeig is found barely extending to just north 
ol Milwaukee^, and on the south by a great bar, or reef, or flat in Ohio, which seems to 
have 1iof>n just awash. This is indicated by the prevalence in the Ohio Tfclderberg 
not onJy of ripple marks, hwt also of mud crac ks and of ltrf>criutrfl and conglom- 
eratic layers. If we imagine tides like those of the liay of Fuiidy rushing over 
th» flat, j^rodudog thm iMrecda and conglomerate and bringing fresh supplies of water 
to the inclosed sea, and furthermore that the sea was exposed to a hot sun and received 
but little accession of fresh water from rivers— this latter is shown to be true by the 
8<'arcity of mwd and sand — we have the conditions of the Heliif'rborj; or \ionrop de- 
posits, conditions which are evidently lavorabie to the formation of a sea charged 
iftith salts. * • * 

If a line be drawn (on the Lower Peninsula of Michigan) leaving Muskegon and 
Wyandotte on its northesst side and Monroe and Kalamazoo on the southwest, we may 
say that south of this line no rock salt has been discovered in this formation, although 
concentration proceed<'d far onouph to h ad to the deposition of sulphato of lime and 
the coucentratioa of brines. This region then belong with Ohio. But north oi this 

1 Lane. A. The geology «f Lo«w MtiilgMi wttb i«lBi«DGe 10 d0q» botings: MiehJgatt CM. Survey; 

VOL 5, pt. 2, p. 27, 1S85. 
> Idem, pp. 27-28. 
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line it in prubable thai thi^ iurmatiuu yields rock suit aluioei uuivcriially. The tliick- 
nesB of rock salt at Wyandotte and along St. Clair River is over a hundred feet, and at 
Sbyal Oak it api>eais to be over a thousand. 

These figiirea need excite no incredulity, aa there are vastly thicker dtp -i to in 
Germany. They only oxcite the quor>' whothor 8f)mfnvherc there may )»e found 
d<>poPi1» of those salt.s wliicli, being lucxst solu!)le, are ittie."*t to rr^-stallizo. V\\^o those 
deposits which have made Stassf urt ihc atorehouao of the world « clioniicai industries. 
Such analyses as those of Sand Beach (Huron Count>- 'J indicate a ooncentraeion of 
sea water nearly to the point of precipitation of the Stanfurt salts. Such deposits, 
if they occuned, would he expected in the upper part of the formation. 

Tlieeo sah depoaits should rise again, proceeding to the north, and. in fa^t. just 
north f>f tin- Strait oL Markinac gypsum hods do otitf-rop, whih' ;it St. Ignucc a thin 
bed of Halt is reported only 1(K) feet ]>elow ihe i»uffa<:e. At Alpena tliey are al>out 
1,200 feet below the mirface. Near Chekiygan they should be sooner reached'. The 
salt industry will doubtless, in time, work north. 

The upper beds outcropping in Monroe f'ounty are ^ish-colored and l>reccisted, in 
some places marked with adcular crystals (gypsum), which readily weather out and 
'leave f-avities. 

Thick aa this formation is, we can not alwurply sahdiWde it, although, a.s 1 have 
Haid, it doubtless includes the sericti called Salina in ISew York, aa well u.s the 
Helderbeig. However, in the section 1>etween Monroe and Godcrich we may i)ct- 
haps divide it as follows, in descending order: 

At the top a series of dolomitos or gypseous marls, marking a ti;j f de.'^ircalion, 
tHKl'-rl iin liy limcstono fre<inontly pasnin^ into a calcareoiij* .sandsloiic; i>eueath thl-i 
saudaluue soiutj more bode, gypseous or even aalty, marking a sccuud imio of dcsirt a- 
tion, and after 200 feet or more of domewliat gypsiferoud dolomites, u rajiid succoHsioa 
of thick salt beds, marking the first and greatest period of desiccation. The Iwundary 
line between this formation and the Niagara underlying it is far from well marked. 

To rccapitulat<J, the thickness of the Monroe grouj), a.s judged hy 
borings, has been given as 1,200 feet. The beds an* staled bv Lane 
to have been deposited in an interior sea extending from New York 
to eastern Wisconsin and exposed to arid conditions - u liot Mm and 
(uiiy slight accession of fresh water from rivers. Siialluw-vvaU i con- 
ditions prevailed in places, especially in Ohio, where the existence 
of a bar, reef, or flat permitted ripple marks nnd mud cracks to 
form. In southeastern Michigan three periods of desiccation have 
been recognized, the first and greatest is repn^sented by hcavv beds 
of ro( k salt aggregating in thickness some 900 feet ; the second, pre- 
cedinjz; the forination of the bylvania sandslojie (the inhhlh^ lurnia- 
tioti of the Monroe grouj)) is marked by gypseous or salty dolomites; 
and a!>ove the Sylvania, at lh<' top of the Monroe, is evidence of a 
tliiid j>cri()d of desiccation, duriiig which there were deposited dolo- 
mites and gypseous marls. 

In the records of wehs in the soutlieasleru j)art of the Lower 
PeniiiMila ai Britton, Milan, Kuniulus, and Wyandotte tlu ir i> an 
increasing thickness to the northeast between the Lieds of the rock 
salt and what is regarded a^ the top of the underlying Niagara grouj). 
Nortliward the salt beds seem to occur higher uj) in tiie geologic 

> Lane, A. C, op. cU., p. S3. 
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columa, and gypsum often -occurs above tibie Sjlvania sandstone. 
Salt occurs below the Sylvania, usually within 450 feet. 

The salt-bearing formation itself, the Salina, has the following 
thicknesses and occurs at the indicated deptiis below the suifaoe at 
the folloxnng places in southeastern Michigan: 

Depth below sw/ace and thickness of the Salina jonnalion in sotUlieasUrn Michigan. 



Locality. 


TMckmess. 


D«pf||.- ' 


Bfitton 


Feet. 
370 
520 

491 

7f« 


Feel. 

485 

a^jO- 1,341 

730-1,519 


Milan 











In general, it will be seen that the Uiickiie^s uf the formatiDu in- 
creast?s to the. north, wiiich iiicroase holds good into Canada. To the 
s.)iith(^ii.st the Sidt disappeais. Thus wells drilled at Trenton show 
the ox ac t edge of the salt-producing area to be there, as salt occurs 
in oidy one of them. 

As already stated, it is hard to draw the line of llie top of tlie 
Salina where no salt exists. There are only lithoiogic grounds and 
stratigraphic position for identifying it with the Salina of New York, 
and it is altogether unlikely that the top can be drawn consistently 
on such groimds. At present the top of the nearest suit or grj^sum 
bed, 400 feet below the Sylvania sandstone, is regarded as the top 
of the Salina. This procedure gives fairly consistent results. 

DEFTH TO BAUT BBD8. 

In the southeastern part of Michigan and to the north along St. 
CSlair River a great many drill- holes have been sxmk to the salt- 
bearing horizons. Becords of these are given in the reports of the 
Michigan Geological Survey, chiefly in the publications already cited. 
The depths to the salt beds are given in the accompanying table: . 

Depths to salt beds in eastern Jfickigan. 



Location. 



Well aud ioruiatiou. 



IVpth. 



Marino CUy Xo. i 

Do Xo. 2 (first bed) 



Do I No. 3. 



Do. 



21 miks north of Marine, ( ily 

J'robabiy nest of Miuiuti City... 

I'l'irolia, Ontario, 18 miles from Port Huron. 
Port Huron 



Port LamMon, Ontario, 3 miles nortJieast of Algoaac, 

Mnh. 

iioyal Oak , 

St. Clair , 

5 miles below St. CUr. 

Half a mila «ast of St. Clair 

Wyandotte 



1,«W4- 1,735+. 
1,1(22-1,687. 
I,e42'l,«a2. 
l,«7»'l,7S7. 

\i.MX) 1,610. 

No, 6. 

No. 7 , 



X 



lIoarcH^ group 
No. 12 (Ml 

and 

tion). 



(Monroe group 
saHna form»- 



Mo. 2.. 



Monroe group. 
Bands oTsalt.. 



i,m. 

/1,620-I,ft5a 
\l,67*-l,775. 
1,199-1,2^1. 
Jmt ultove 1,600. 
At 1 ,H)0. 
Above and 
1,710-1,7» 

/Highest, l,M3-l,(! 
\Lowest.2,31^S^r 

1,630-1,660. 

1,M0. 

i,«a>-i.6n. 

7aiKl,2S6. 
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In the southwestern part of the State no rock salt occiirsi hut to 
the north at liadiDgton and Manistee rock salt was struck. At 
Frankfort, still farther to the north, in Benzie -County, wells h&ye 
been put down deep enough to go through the Salina, but they did 
not strike salt and not even a yeiy strong brine. It is Teiy likdy 
that the location of Frankfort was just without the borders of the 
Salina sea. likewise the St. Ignace and C9ieboygan wells show no 
salt. As showing the character of the material which a typical weU 
goes through in this region, the following log may be given: 

Log of well put domn by J. S. StecuTat at Ludingtont Maton County, Michfl 



Pleistoccm: 

Sand , 

Clav, pink, uiluut-ooi , 

Gravel .> 

Clay, pink, calt areoiis , 

Gravel. 

Liimestooe; 15 feet ol porous sruauiar limestone aud salt water 3o feet below thft 

casing '. 

Cold water: 

Bhale, bhw 

Antrim: 

S h I io, black.. 

■Tnivcrsc group: 

l.iincslnn(>, brOVm...... 

Bhaie, blue 

Limestoiip, brown (.iiy with byclmsensulpliide 

l^imestnne, pure (Dujulee?} 

Dolomiio, brown, aaady...... 

Shale, cal jaroous 

■lonroe gronp: 

Dnlomitr , 

Liinpsl oitc . ...............................*................................»...< 

J ;olon)it»' 

Suiid.slono, Sylvania (?J. 

Dolomite, sandy, and anhydrite 



Salt. 



Thick- 



DepUb 



Ftfi. 



3^ 
515 



1,»> 

1,400 

1,425 
1,460 
1,600 
1,750 
1,911) 
2,000 

2,02S 
2,050 
2,075 
2,175 
2,29e 



a Laoe, A. C, Notes on the geological aecticm of Miofaigan; Hiobigau Ueol. Survey Ann. Kept, for 1908, 
p.tH«tWO. 

NcCT.—lMndi CMing, stM Ibc4; vitcr (tempmitiin, P.) at at>outSOO ket; ftJnob fiMJofftorook. 

At Manistee there are a number of wells, the depths of which are 
300 to 400 feet shallower than that of the Stearns well just given. 
The depth to the salt, as shown by some of the records of the Lud- 
Lngton and Manistee weUs, are as follows: 



Depths to mU at Ludmgton and Jfamictee, Mich. 



.ft. 



T 



w«u. 



Depth to Mtt. 



Ludington — 

^ ' nifl^ south of Ludington.^ 




No.l. 



No. 3. 
No.1. 

No. 2. 
No. 3. 



i 



Feet. 

2,195 
2,242-2,260 
1,965-2,001 
1,978-1,885 
1,98»-2,012 
1, 900-1, 9CM(?) 
1,912-1,942 

1,968 



40104*— 18— Bull. Wii)- 
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Akpmkf m the northeastern part of the Lower Peninsula on tlie 
shore of Thunder B&y, an arm of Lake Huron, is another area in 
which rock salt has heen found in soma quantity but has not yet 
been developed. There are five beds of salt, which aggregate about 
300 feet in total thickness and kidudo streaks of gypsum and 
•i^ydrite. 

MASSMAU. savDSTom. 

The hrines of the Saginaw Valley occur in the Marshall sandstone 
of the Mississippian series, which yields the brine utilized so ex- 
tensively in the manufacture of salt, bromine, and calcium and 

niiigDcsiuni salts. Wells have been put down to the brine-bearing 
horizon at Bay City, Saginaw, Midiiind, Mount i^easant, St. Charles, 
and perhaps elsewhere. The description, by Lane, of the Marshall 
sandstone is as follows: 

Next V)eneuth the Grami Kapids group wears a Heri(>8 of saiulHtonoH usually very 
easy to recognize in a general way. The lower part of the formation and the beds 
immediately imderly lug it are lich in fossUiB. It ie a fact that the Grand Rapida gr o up 
is underlaia by flandstone which oftea gradee into the shales beneath. II vaiies in 
t^knees, which is genially from 50 to 100 feet. It ia iiae grained, cakavseus, fiiable, 
and gray or slightly greenish in hue, mul in contrast with (ho Parma sandstone finer 
grained and darker This appear?? to be its common charaf ter, but at Napoleon, 
IStony Point, and elsewhere it ia thicker and coarser. Its upper boundary is generally 
sharper than the lower. It k <^ economic importance where it oatm>pe and is the 
source of building 8tone» flagstone, grindstones, and, ^ere covoed ia Saginsir Valley, 
ah$o the source of the brines of Saginaw, Bay City, Midland, and other places, ft 
is tlie second salt horizon.' 

In a later report Lane speaks of the upper MaishaQ or Napoleim 
Bandstone and gives the following iec<H:d of the rocks at Mount 
Pleasant: 

Log of well at MowU PUatant, Itabdia County ^ JftcA.» 

' ' ' i i 

liWMrisl. 



Surface deposits and glacial till 

Coal measures with purtleles of coal at 410, 486, andMS iset. 

Umecorded strata 

Sandstone, I'ar niu, calcareous and wat«r bearing, wltli 10 to 30 feet of Itmestoiw . 

Unrecorded strata 

Lime^itone, Maxville (as at IJayport) 

lilchkan sotim with gypsum (aa at Alabaster) 

SandMom, liacAan 
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• ICiohigaa Qcol. Survey Ann. Rept. for 1908, pp. 298-204, 190G. 

A detailed (lescrii)tioii uf the Marshjill saiidstoue aiid its variatiom 
from place to place is also given by Lane iu a later report/ and in ■ 

> Laoe, A. c, The ^colof^y ol Lewft Mldilgaa wilb letowto deep beriafK MleUga»0«el. Sofver, 

vol. 6, pt. 2, pp. 17-19, imS. 

* htm, A. C, Moteesntiis gBOlsglesI isettai of mebfgsin MtcMgan Qool. Sorvty Ana. Bspt. ftir 
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the gBdlo^ oolmim aocompaiijuig that report (p. 43) the IfarahaU is 
daseified as the upper and lower Marshall sandstone under the 
un^e heading Napoleon sandstone. 



WKLL liECOKDS. 



r. 
K 

J 

n 
It 



Vii 



J — 



The following are Relected records of deep wells in the different 
salt^producing district of Michigan, and they furnish in detail the 
'baees of some of t he general statements akeady made. In general, 
the arrangement is from north to south. 

Log of weU o/ Lewit Sanik at MamUee^ Ifonufee Coun^f, Miehfi 



MMerU. 



Surface sand 

Shale, black, .sutt, some red (biaok water at 980 feet). 

Ltimerock 

Clay andabale 

Limerook.. 

Salt 

Shale 

Salt 



Thick- 



Depth. 



Feci. 
640 
340 
&10 
110 
STB 
7 
3 
2) 



Feet. 
640 
980 
1,400 
1,400 
1,978 
I,9S5 
1,9S,S 
2,012 



a Lane, A. ( ., The f^otogf of Loww Mlohlgaa With fe ipc w we to dieep bcriage; lUehlnn Oeet.Snmr. 

vol. 6, pt. 2, pi. 30, 1895. 

Log of Canfield <fe Wheeler well, ManistUf Manistee County, Michfi 



Material. 



Sand, with streaks of gravel. 

ReddiHli-iiray clav 

Sum I ■ 



rir;i,y chi\ 

IXirk-rciriish da}'. 

Quuk.sand , 

Clay, some sand... 
OravL'l 



('lav, sand, hud ^'Tii\i.l 

Reddish clay, griivt i.and some sand 

Dark clay arid pravel 

Dark shaly slulT 

Light shaly stiiti.. 

Khalr and gravel 

.^aii'irock, w ith streaks of shale and lime In phliCM. 

J>ha!('. ami streaks of hard liuie 

Blue shalt^ 

istii Ly Kiayish-brown thale 

Shaly lime 

Lime rock 



Thick- 
Dees. 



Ftet 



Shale and lime 

Limo streaks, dark and light... 

White lime 

Lime and shale, bard 

Limest one, shaly a&d stidky, dark butt 

Limestone 

Shale, limy 

Verj' nard spota and toftc r streaks of lime 

Very hard stn aks, with streaks of softer material. 

Doloitiile, dark uray or drab 

I'olnmite, dark drab, very hard 

Lirrii iock, jrrav, with hard thiu blreajts 

rt I ' r n 1 : 1 te r i : a thsil Is oot vwy tost 

LiniertX'k, soft 

Hard and soft streaks: brine 

Limcrot k, massive, 93° brine 

Supposed salt; yti" brine. 

tlnrrronied strata 

Rrx 1: I' 

Lixae&toue, hard 



107 

yi 

2 

3 
54 

3 
30 
IM 

5 

ir, 

113 

m 

oSI) 

lift) 

29 
51 
40 

10 

20 
15 
5 

7 
28 
23 
32 
II) 

3 
10 

( 

10 

i 

8 

:;o 
5 



Pepth. 



Feci. 

93 
U5 
202 

211 S 
301 
i'j.Vi 

;i:)S 
:i<>i 

">7"» 
5S0 
5<J5 

an 

715 
875 

\,m 

1, I'w 
! , 

1 , 575 
l.iiOl 
l,ft55 
1,09a 
1,705 
).?2.', 

i,:!o 

1,71,5 
1,752 
1,"«0 
1,803 
1,S,35 
1,H45 
I, S4H 
1 , V) H 
l,S<i5 
1,H75 
l.«<)0 
1,'AH 

i,:n2 

i,'.m 

1,947 
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SALT RE60UBCES OF TEE UNITED STATES. 



Log of ioellof WJieeler, Magill dc Co., Manistee, }fa.'iistee County, }fich.o 



ICaterkl. 



Surface rock 

Sh:ilc, l.i.nck (bLick water at 980 feet) 

Lime rock, snit and bard 

Shah*. :ir;:!lla('.'ni;s......,.,, 

1-imostnn", s;'nilv 

K<U (li'. ii'niil' il in rrcord 

fialt to hard rock below ...» 




Depth. 



Fcft. 
til4 
9tK} 
1,490 
1,600 
1,905 
1,988 
2|(B6 



a Lane, A. C, op. cit., pi. 82. 
Log ofwdl at Boat Lake, UamtUe County, Michfl 



Ifatwlal. 




Band and avnL 

Clay.....!:: 

and 

Clay 

Sand 

Gray clay 

Beddisb-ciay dajr, very tooiili 

a»dpaaotiiind«Ml0av«L 

| >mijBBd ^^Mwl, BWBQy qMtdMuid 

Wbitbh^hia clay 

Soft blue ilMde 

Hard shale 

Bine shale 

Sand. 

Blue shale 

Slate 

Hard white slmle 

Brown »hale 

Black slate rock 

Gray lime rock 

Bud blaek limeroek 

Bard white limcrock 

Brown llmorock 

Verv little gypsum. 

White limestone 

White Umerock ; 

Blackish-blue limeroek 

Gypsum 

Gypsum and lime 

Brown limeroek 

Crumbly, cavlns rock 

Rticky blue shale 

Ebrd brown limeroek 

Softer brown limeroek 

Hard brown limeroek 

Poftrock or part brown shale 

Hard limeroek 

Soft limeroek 

Hard limrrock 

Gypsum 

Gray lime 

Roft pray lime 

lI.H ci >-niy lime 

Bliio s1i;i1p 

Hard sticky rock 

Soft ,.sl)\ft' rt)ck 

Hard sLite rock 

Crevice aUwit 

Il.-ird lun' Tock 

Hdni vcninhf l laiicrock 

Harfl liinrrock 

Foft lirrKTCK'k 

Soft (l;irk liinerock 

Hard ctuv liracrock 

Hholl lime and gypsum 

Soft blue lime 

Salt 

Rock 

Salt mixed with small pieces of roek and shale 
Rock 



Feet, 
104 

3 

70 
1 

S 

a 
m 
u 
» 

S7 
% 
4 
S 
1 

- s 

• 

5 
1 

120 
90 

58 
10 
88 
31 
80 

59 
15 

132 
10 
58 

10« 
62 
69 
88 
44 
4 

17 
5 
3 

19 
1 

27 
1 

18 

15 
3 
5 

10 
) 

60 
1 

27 

14 
8 

19 
9 
2 

30 
1 
6 
4 



Depth. 



Feet. 
104 
107 
177 
178 
301 
252 
fiO» 



543 



581 



&8S 
580 
S81 
.595 
000 

m 

721 
811 



879 
966 



1,099 

1,135 
1,1» 
1,283 
1,292 
1,390 
1,481 
1,51S 
1,587 
1,675 
1,719 
1,723 
1,740 
1,745 
1.748 
l,7fi7 
1,7*« 
1,795 
1,7^ 

1,S29 
1,832 
1,S37 
1,W7 
1,W8 
1,908 
1,909 
1,9M 
1,950 
1,968 
1,977 
1,9M 

1, P88 

2, (108 
2,009 
2,015 

^2,019 



• On bnd owned at prawnt by B.O. Peters Co. • » Total depth ilYen as 2,0M,f«et 10 indiee. 
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MICHIGAN. 



53 



Log of well of plant of R. G. Peters Salt Co., .500 feet from East Lake station, Manistee 

County, Michfi 



UaUrioI. 



D.-pth. 



Blue calcareous shale 

Calcareous shale — 

LlmesUaie 

Calcareous shale 

limastone 

Limestone cont^ning sfionpe spicules 

< "alciireoiis shalo contaiuinK sponpc spicules 

( 'iiJcare<Mis shale , 

Limestone 

Limestone, rather impure i... 

Limestone, verv sandy 

Calcareous sandstone 

Limestone 

Filieeoiis and ferruginous limestone 

Bhaly limestone 




a Petrographlc examinations by W. U. Fry, U. 8. l>ept. Agr., Bur. fc'oils. 
Log of well of Stronach Lumber Co., southeast of Manistee, Manistet County, Mich. 



Material. 



Surface sand 

Shale, water vein 

Shale and shell of sand 

Hard and soft liraerock 

Blue clttv and shale 

Limerock and some mica, flinty 

Bait 

-Hard limerock 




Depth. 



Ftet. 
570 
950 
970 
L450 
l,fi2r. 
1,»:'0 
l,9tVI 
1,972 



a Ijine, A. C, The geologj- of Lower Michigan with reference to deep borings: Michigan Ceol. Survey, 
vol. 5, pt, 2, pi. 65, 1895. 

Log of well of Stearns Salt <fc Lumber Co., Ludin^/ton, Mason County, Mich.o^ 



Material. 



Reddish sand 

Coarse gravel 

Rod<lishsand 

Hard pan 

CTay 

^^^titish sand 

Clay 

Ilaf.lpan and gravel 

Hiinljmn f 

Fine sjind 

Calcareous sandstone 

Calcareous and shaly sandstcmc, 

Calrareous shale 

Calcjireous and sandy shale 

Calrareous shale 

Sandy csileareous shale 

BulT c;»lcnreous and sandy shale 

Calcareous shale 

Sandy calcareous shale 

Calcareous shale 

Limestone, impure 

Fairly pure limestone 

Polomitic limestone 

Calcareous mudstone 

Limestone 

Salt 



Depth. 



Feet. 

94 

100 
152 
187 
243 
245 
294 
314 
410 
o 517 
520 
533 
673 
603 
COS 
609 
615 
S3R 
1,211 
l,:<fl0 

1,463 
1, Wl 
1,935 
2,021 
2,281 
2,290 



o Petrographlc examinations of the material below 617 feet were made by \V. II. Fry, Bureau of Soils, 
fnited States l>cpartment of Agriculture, and the notations in the record below that depth differ from 
those in the original draft of the record furnished the writer. 
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54 SALT BES0UBC£3 OF IHB UNITED BTATES^ 

Log of tedl .Yi>. / of Pert Xarqiutie Lninbtr Co.^ Luditigton, M e mn t'oun^, Miah,^ 



ItatfrUt. 



|ffa||4. ,. J, •. , TI 1 I 

||htf^alMlIf»Ml sticks. 



ioftelay 

BaidolBj 

nodpam 

Gmtsq nnd sn i «nwll uioms 

fludftmlenvQl , 

Bimd 

flftodandj^vel 

Sand with day 

8mA 

Glay 

Clay and {n»Tel... 

Oloy andwnd , 

HaiMpoii — 

CtayandgniTol 

Clay 

Clay and gr»vel 

Clay 

Clay and sand 

Hard clay..-. 

Hardi>an and gravel 

Gravel... • 

Gravel and sand 

Sand..... - 

Gravel and clay stwie 

BhiCBhalc 

limestone... 

R<wl stHile and marl 

Sliiilo 

Limos'une... 

Bill© shah? 

BJjMik s! '.te or harO shalo, wiUj pynle 

Bli!0 shulft an 1 limestone 

B i;ic k an iy 1 i :ne£ tone, With Strata of gypsum , . . 

Lilni:sti>-:c .... 

Limt'sictin and rypsum 

limegtone. hard, «ith grit abova, and anitar, with lesssrit below. 

BluesUale 

Bait (either salt or soft salt rock). SO* hrlm 

Limestone, very stxvky, 70* to 8(P brine 

Li:n(^'. f-iio. verylifttd, 20* brine 

1 Joirjiui t e , vvith soft strealu, SO" to 56" brine , 

B«utl gray limestone....... 

Rock wit 

LiiniBBtoae, 3 feet of rock salt 




« Lane, A. C. op, clt.. pi. 37. 
Log of teell No. LudingtOHf Mason County , Miehfi 



Ftff. 



I 
I 

;i 
ill 
4 

20 i 

I. 

»< 

4S 

2i 
17 

t 
i 

n 

11 
» 

6S 
V 
» 

13 

le 
e 

18 
It 
85 

f 

ft 



S 

(a 
..« 

S 



flu 




Ibterlat. 



ZlBiMrtoiia,aand, ate 

flUt 

• I4UM, A. op^ elt., pL 38k 



Thick- 
ness. 




Fed. 
&M) 
950 
752 
1« 
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4/«wU No, S, ImiHn§tmif Mmon Ctuni^f Miekfi 



Thick- 



nut. 




If, wli 
Clay and 

BqII limp —i mil 
LtxnestonBylMrd 



in upper part; tower pert Aerply 
with Dodaite idda*y'^fa«i» 



, elurey and meRniwlan 
and ma ' 



tatA, eiayey end magnesuux, witti gypaum and rock aelt. 



I'M* 



fl 




.} 

11* 


. s 

m 


m 


m 


m 


MR 


m 


1,SI8 




l.SK 




1.7» 


ISO 


1,M5 


M 
M 





a Lmm, A. C op. «lt.» pL an 

Log nfmU tfPort Acron ^oft Co., Port Eitron, 81, CUnr Counly, Jfuft. 



HateriaL 



I, bituminous 

Uulsb er&y, dolomltio 

«»■■■■■ I. ttfasad uuish and gray dokMnitic 

8tala,UaUL«alce«Bous,8ein0wliatplatUe. 

Bvm mora analy and plastic 

Kwmentawlight brown, sharp, clear , 

llMe graaidBr, bvownMi 

Siaiflar, with a UtOaderk aboly mauer 

8nae, bat sandy and cranalar 

iimost simfiiu- bu t a shade darker 

Dolomite in light>bi^ diipa and wtiite grains of anliydrite. 

Granular, e«d dartc Drown 

Similar, with few specks of gypsom 

Similar to pfevlous temple 

Mtkily aMydrita. 

DOfemitv.. 

Iimest(Hie«4olomitlr . 



IinaBtone« 4oIomitic, ligiit bull 
IMemita, brown. 



I)ilBmite>U|htbitflL 

Littestone, aolomitie^ mind dark and Ixownf bituminous. 

Iiiraestone, dark, dalomftlo. 

^jgitljr bngbter, with some anhydrite 

CiMrtv dolomite 

Itargeiy a wbite chmy doloraiio 

Dolomite, licht buff 

L4mestoue, darker, dolomitic 

Limostone, URht, aolomit lc^ some anhydrite 

LiimfiStone, darkfT, dolomitic 

IMomite, dark, thin- bedded 

ntiamite, lighter 

TifMiatlillB. alati>-cotoi i dul'HUit ic 

ti, bluish ,sl:itt-wli»it>i, dnhmiilic 

l«8tone,dark ^lllU^h truy and varicolored, <lf>Iomitic 

le8tone,dark, di-lDini' ie, riKire tjnitiular 

Ltmestone, browtii.i., -isi-.i:iiiic 

Yeilow. sharp chaiiKe iu coioi 

Polomitevdarkslate-colortd 

Anhydrite, dartc Slate^lored 

Bait, brownish 

Dark sl.'^t<^^)l^red, with impure salt and anliydrito 

Salt, browiiLsli 

Anhyirite, blue and brown, dolomitic 

Salt, pray 

Salt, i)ro\\Ti 

Anhydrite, b\uo and brown, dolomitic 

Anhydrite, bulT, dolomitii- 

Anhydrite, bluish Rrav, slatv 

Bait, white ". 

MtvtMOWUUl 




Ft€t. 
300 
IS 
50 
70 
135 
30 
M 
20 

a 
« 

as 

40 

u 

ID 

s 

90 

30 
40 
IS 

5 
2S 
86 
10 
40 
20 
25 
5 
5 
4o 

ao 

15 
5 
90 

ao 

20 
5 
38 
8 
77 
3 
6 
4 
3S 
10 
30 
5 
4 
17 
15 
14 
li 



I>opth. 



Ftft. 



300 
315 

m 

438 

670 
600 
660 
670 



790 

81S 



» 

1,0M 
1,006 
1,080 
1,116 
1,126 
i;tt6 
1,185 
1,210 
1,215 
1,290 
1,215 
1,286 
l|960 
1,886 
1,325 

1,386 
1,370 
1,406 
l,4ia 
1,483 
1,496 
1,.502 
1,506 
1,534 
1,544 
1,674 
1,579 
1,583 
1,600 
1,615 
l,62l» 
1,610 
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Log of weU of Port Bimm SaU Co,^ Port Huron, St. Clair Countjft Mieh.-^nid. 



Matwtal. 



Baity limTf white, coarsely oryitaUin*. . 

Bah, wtalt* and brown 

Anlrydiitik dark gray tlatoHMlored . .. 

SS^Iolettwhite..... 

Salt, birownJflh, Impure. 

Salt, erayish, with oandi of anhydrite. 

Salt, aark grav, and anhydrite 

Dolomite, vanoolored 

DolomitOy varicolored, with anhydrite. 

Dolomite, Ixifl 

Salt, slateooloied, spd anhydrite 



SdtLflloarwIdta. 



jlNlff. 

at. Hourly clear 
t, mixed groea and nddish and aaioilMi, and nhydrite 



^SySrite, sfiSS^ond 

Salt, nearly clear white. . . . 
Salt, gray, with anhydrite. 
Impan oolginite at 



Ftet. 
1,608 
1,606 
1,700 
1,725 
1,73S 
1,700 
1,780 
1,806 
1,825 
i;865 
IffMD 
1,870 
1,876 
1,885 

i;oifi 

.1,990 
l^OSS 
^048 



Log of well No, 12, Port Huron, Si, Clair County, Mich.a 



Material. 



iorlMet moatly day 



e.nio8Uy 
Maflktlataand 

Toplimeetone — 

SoMtstone, with 5<>ams of limestone .....v.-.. . v.v.r./<.-«o*i7»i 

Limestone ....... i . ; . .iV.^/O. . 

SUghtlndicatioDs of salt 

Gray dolomltio limest jne 

Unrecorded Strata. 

Light-gray ealoareoos murl, very small residue 

Light^my calcaroi)US marl 

Light-gray marly limestone 

Light-gray hard limestone 

Gray bard dolomite 

Cluisb-black marl, argillaoeous and gypseous . 

lliird fs^my dolomite 

Diirk erav Hracstono 

BhiLsii-bfifk argillaceous marl 

Grayish dnlfniilo 



(Ud 



Soft uri;il!:ic(>G IS in:irl , 

Unrwi ded si i a In 

D.irk i>r'>v.n ^T.tv, calcareoos Bandstone . . . 
Iliird f'r:iyi.sh-\vhit«, calcareous sandstone . 

I'nrccinlt d str 



Dnd) lu Mulsh hlurk, argillaceous mart. 

Dirty yollow drai) hard dolomite 

Gmvish-whito t-alo ireous gypsum 

Foft V' linw-drab dulomiticlunestone 

Crmyish-uiiitt* calc-aroous gypsum 

Clijiyish dolomite 

CI ray ish-whito urKil laccous miirl 

G my ish-ycHow doloiuilf 

blaclv and reddLsh csilcareous clay 

Little salt and shale 

Alternating layers of salt, shale, and limestone . 



Thick- 



1 

m 

10 

tr 

10 

» 

10 
M 

m 

40 
60 
18 
17 
iS 
15 
90 
10 
70 
15 
fiO 
10 
■ 20 
10 
4.-| 
100 
35 
35 
20 
10 
85 
20 




Depth. 



VOil.r 



MOx 

1,070 

1,0601 

1,150 

1,1« ' 

1,215 

1,225 

1,245 . 

1,255 • 

1,300'. 

1,400 

1,435 

1,470 

1,490 

1,500 

1,535 

1,555 

1,7004. 

- ■ -^^^ 



a Lana^ A. C, «p. ett., pi. 57t 
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Loff ofwM No. It MofiM City, SL Clait Coun^, MidkA 





Depth. 






cn 

50 


50 


ISO 


200 


40 


ZiO 


70 


300 








O 4/1 


10 


350 


1A 


JuU 


ml 


410 






on 


470 




4yo 


IU 


600 




i>oO 


m 
lU 


560 


75 


K>5 




7J0 


■IU 


<7u 


.JU 


MX) 


on 
OW 










con 

mO 




SAio 




y33 


oU 




IS 


yso 


10 


900 




1,000 


7U 


1, J.>0 


m 


1, IfiU 




1, zao 






*in 
M 






1, ZfU 




1, /!» 


n 


1,304 


as 


i,:«o 


35 


1,355 


23 


1,390 


76 


l,4fi5 


20 


1,485 


53 


i,5as 


41 


1,579 


90 


1,509 


< 


l,»i04 


33 




4 


1,641 



Surface roelc 

Clay 

Hardpan , 

Plate, black, bitumjnou.". comaininfj pyritr- . . . , 

Slato, dark and li^ht drub 

Slato, Miick, bituuiiuous 

Shftlo, dark drub, bituminous 

Blialc, dnib, bituminous, somewhat cuIcum^oiis. 

Limestone, lygilhiroous, tlolotiaiic 

Limestone, li?ht bluish gmy to drab 

Limestone, light gray 

Limestone, lipht prav, with little tulc aiiii .slalo. 

Limestone, light and dark pruy 

J/imestone, soft, arRiliaceous 

Limestone, dnrk drab — 

Kock, calcan-'jus, arf;iUaeoous,i.'rit!i ss 

Limestone, lic:ht yellowish gray - - 



;ray. 



ab. 



I^imosior 
J>otoraito 

Dolomite, light brow 

Dolomife, li;;htjrrav 

]>oloraite, light drab 

Limoston<», hard, dolomitic, lii^'ht pi;:y 

Limestone, doloraitic, with fragrafnt.-; of sluto, little anhydhtv 

Limestone, dolomitic 

Limestone, dolomitic, ii^ht dnib 

Liinostone. dulomitio, drab, even textured , . .. 

Limfwtoi , , 'l oi mitio, dark drab 

Liinostou, , ^Ji;:a»'^)aj; 

' Linicsfoae, light drab 

Limestone, light gn:y, cirrKs same gypsuni 

Limestone, dolomitic, d:trk- dr::b 

Limestone, dolomitic, h '.id, li^ht pr iy 

Limestone, dclor.iitic, very dr.: k dnil3 

Limestone, dolomitic. liirht drab 

(iypsum, drab and whito 

< t ypsum, calcareous, dark drub 

(iypsum, calcarrous, d* rk diab, pcs.Kibly arfiUlaccous, iritb 8ntl7drito.......w.^....■ 
<!vpsura, calcar>^jus, dnrk di;'.b, contains anhy<irjtr , 

Limestone, doloiuitio, li^'ht and dark drab, lat^e residue af stete, anhydriUvgypeum^ 

silica, and someorKanio maiter , 

I^iraestone, dolomitic, li'tbt d-^-ib, Irifi-re rr =;i<Iuc ol pvjtsuin 

Limestone, gypseous, li^ht drdb, large residue of gypsum 

Clav, calciu-eoos., 

/□Bydrite. 

Gypsum, wl^knddarkdnb.. 

Rock salt : 

Limestone, gyimois 



« hamt A. C, op. dt., pi. 38. 

NotB.r-Tlie sypsuiii is anliydrlte. 

Log oftbell No, 9, Marine City, St. Clair Ccuniy, ITk^.o 



Material. 



Surtnrc r^f^f . 

Brov > iiM .( K ar^OaoBoiu ataito 

Hard gray limestone , 

Hard gray limestone, (vith friignwnts Of slate , 

Bluish-gray argllLiceous shale. 

Bluish-gray argillaceous limestono.,. , 

Light-gray siliceous limestouo. 

I Not named i n record ) , 

r»fay dolomitic 1 i mes tone 

Dark-gray hard limestone 

Dark chocolate rolorcddoloiuiUollmestoiie...... 

iMot named in record] 

Dark-gray dolomitic limestone. 

Dark-gray doloiuiitc limestone, medium residue. 

Hard gray dolomiticlimestone 

Hard gray dolomitic limestone, medium siliceous ^c^^idue 

Hwd light-eray and gray arenaceous dolomitio limestone 

Orayish-white calcareous sandstone 

jteKlgi«9lali,«aleaieoas sandstaiie.. 

nuUiadUdlniMoidl 

a Lane, A. C, op. dt., pi. 34. 



Thick- 
nvss. 


Depth. 


Fat. 


Feel. 


210 
900 


210 
410 


4d 


4&5 


15 


470 


166 


a% 


4 


640 


100 


740 


lie 


836 


10 


846 


34 


880 


10 




110 


1 , 1 II H 1 


10 


1,010 


20 


1,030 


u 


1,055 


90 


1.075 


10 


1,085 


25 


1,110 


&0 


1,160 


455 


1,615 


10 


1,034 
1,136 


101 



Digitized by Google 



58 



SALT BES0T7BCBB OV TBM UHITBD STATES. 
Lo0o/weUXo. Ji, Mafine CUy, St. Cluir Cotm%, 2hth.a 



Depth. ; 



Clay 

Hardpan. 



BhMk shale 

Gn% rock, (lark ••••< 

[Not named inreOOld) 

Hint k ' late 

1)ar)v late.wlthfltmlCSOflillMStOlie 

Sandy sliale, hard 

White shale, sticky 

Whiteshale, very tiard 

White shale 

Ught pi cker shale (alum?), with narrow streaks ol lime 

limestone 

Shale rookt sticky 

Shale, very black.. 

Black limestone 

Black limestone, Bidpbur water 

Hard limestone 

Hard limestone 

■Limestone *ith pockets of sandstone 

limestone, some sandstone, and a. showing ottJJf&om., 

Bandy limcfstone. with streaks of gypsum 

Ilurd'liniestone 

lA t-cokired shale (anhydrite?) 

Hard lii " 
Salt. 




Iiimostoile. 

Salt - 

limestone. 

Salt 



ss 

10 
81 

to 

40 

00 

30 
20 
60 

100 
82 

2C0 
33 
AO 

880 
40 
17 
15 
5 
20 
10 
65 



« Lane, A. C, op. eft., pi. S5. 

Log of well No. 4, Marine Citjft 8L Clair County, Michfl 



liaterial. 



I 



Eartli 

Gravel 

Park browm iind blaok slate 

Limestone, liRht pray 

Calcareous argil Ifioeous shale 

Hard light-drab slate 

Calcarcoi i s argil Iiu-cm >', i s s h i Io 

Gypseous argillaceous liiiu stone 

Llgnt-drab gypseous limestone 

Hard gra\isn-white limestone 

Limestone 

Tlrownish-rmy doloniitic marl 

] >(i!oiniric li^nrstone, drab 

( ■."•.! CT-rPii'.i^ rtnfiviirito 

Doloniiric c\ |i^t"v.is i!i;irl, dv ili 

Dolomiticgyp' oous marl, griiyish 

T)olomitic limestone 

Dolomltic limestone, drab and light gray 

©Olomltic liir.i'stdne, yellowish to bim 

Arenaceous dolomitic'liinoslone 

Dolomltic liri' stone, bii!T 

Dolorniticlliiiestnne. ligl't. gray 

Doloirdlic line U fine, bluish gray 

Doloniitic lii.ie3t(.ne, bluLsli gray, lar)?e residue of gypsum. . 

Arenaceous dolomitic linu',slone 

Calcareous eypsam, light bluisli gray 

Polnmit ii- liinestonc 

Dolomilic limestone, bluish gray 

Doloniitic liincstnne, gray 

Oypseous limestone, dark drab 

('(ilcsireous clay, grayish 

Doloniitic limestone, di^rk drab; small re.sidue of gypsum. . . 
Dolomltic limestone, dark drab, large residue of gypsum . . . 

Rock salt 

Dolomltic limestone shale re.sidue of gjrpsum and anhydrite 
Roeksalt 



Thick- 
ness. 



Fret. 

150 
50 

200 
7S 
95 
15 
40 
40 
.If) 
2'i 
2,-. 
60 
10 
30 
10 
10 
10 
9() 
30 

130 
60 
30 
50 
00 
20 
50 
30 
20 
60 
10 
30 
10 
10 
20 
10 
30 



e Loaa^ A. Cp, op. oil., pi. IS. 
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LoffqfweUNo, 6, Marku 8t. Clair Owiuy, Mkk,* 



Clay. ... 
Gnivol St 

Clay 

Hardpaii 



Brown shato. 
Black slate. . . 
Brown calcamms slate . 



Ilard siliceous gray limestone , 
l.iKhf-i;r;iy liinestono. 



Ilan! IiL;rit-gray limestone 

Boit li^ht-jjray arjiillacoous limestone '.V,[V, 

Bull Ky|iscous liiui'storc 

Soft liciit-pmy linw-stone, small restdue.., •••••• 

Soft light-^ru'y linn l nnn^ tmiiltltlriilllTO Ij^jAy^ji^] 

Hard pray doloiuiti! .,„ , 

Hard darK-pruy doloinltft. II 

Grayish-dnib aoloniit*' , I.H 

Dark luUi un-naceouK liine,stone,«... 

Dark-hiiff calcart'ons saiulstone ...""I 

Dark-hull areuuctuus IhnvsHUt ». 

Chocolato-butT doiorii'c 

Grayish-drub soft dninruii" I! IIIIIII! I 

Gypseous dclomitr, <i:.i k drab to vellotr. 

Gyjiseou.s doloiuit.', liu it gray ttw yvOoVf 




996 
1,010 
1,065 
1,090 

1,125 
1,207 
1,300 
1,310 
1,310 
1,360 
1,409 
1,470 



A.C>»cv.cit.,pl.37. 



Log ^fwU No, tf, f| mOe* north </ Marine CUy, '8u Clair County, Mieh.0 



MatariaL 



Qay , 

Hard biufl arglllacccRttlliiiairtOlW. \. 

Calcareous clay J, 

Dark-drab slato 

CaJcarcouB marl I]]]] 

plot named In record) 

Bard pray litncstono 

Hard light-gray limestone 

Kcdlum-hard fight-gray limestone 

Soft Krayish-v.-hite marly litnMtaOB. 

Hard Upht-gray limt»sloi:o 

BufI<'al( ar('ous mar 1. uitb yellow .spots 

Mcdiu in-soft grayisli-white limestone 

Hard I ight-gray dolomite \ 

Softli^jht-pray marly limp,tono 

Soft Kray marly limcHtonr [[\ 

Medium'-hard fii^ht-gray litncsionc 

Dark-bull [rlahlo limc'^tuno 

Dark-butf f rla ble aronai «■ uus 1 i !no.,t one ..!!"! 

Orayish-whltc calnxroous sanvisinue 

Oravish-drab arcnairous tnarly limestone. . . . 

Bliush-gray i-ali arcous tiay. 

Dark-gray g5rT).scou3 marl. 

Hard grayish limostone. witllvdknrsiwekB.. 

Dark-grar marly limestone 

glo ^ nniBiilttreoorJI 



• A. 0., op. oK., pi. 18. 
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SALT RESOURCES OF THE UNITED STATES. 



Log of well No. 7, Marine City, St. Clair County, Mich.<^ 



Material. 



Blue cloy 

Grave! 

BotiI(l»»rs 

Hard pan, quite black 

Light filiate, guile hard 

Dark shale, quite hard 

Light shale, soft 

lUark slate, quit« liard 

White shale, soft 

Ulue shale 

Hard limestone 

Sticky blue shale 

Black shale 

Black limestone 

Black rcx-k, like oil rock 

Ilard pray liniorock 

Hard browTi limcnx^k 

White shale (anhydrite?) 

Sandrwk, with streaks of limerock 

Hard limero< k, brown 

Ilard gniy linieruck 

Uluc shale, somewhat sticky 

Black sana 

Hard gray limeroi-k 

Solid salt 

Hard limerock, grayish bluo 

Salt 

Hard limerock 



Depth. 



Feet. 
115 
151 
IH 
105 
315 
MO 
349 
500 
ffIS 
065 
715 
775 
89 
8S 
94 
l.OM 
1,110 
1,170 
1,370 
1,430 
1,470 
1,515 
1,806 
1,630 
1,650 
1,675 
1,775 
1,777 



a Lane, A. t*., op. clt., pi. 39. 
Loq of well No. 2, Royal Oak, Oakland County, Mirh.<^ 



Material. 




Clay 

CJravcl 

Clay 

Quicksand and gravel 

Black shale 

Limestone 

Brown shale 

limc^itonc, containing salt water. 

White sand 

Limestone 

Very pritty hard limestone 

Dark .sandrock, gray 

Blue hard pritty limestone 

Very soft 1 ight-colorcd lime 

Same kind ofrwk 

Hard, close bluLsh limerock 

Hard cray sandrook 

Hard limerock 

Hard gritty limerock 

Rotten lime or shale 

Solid rtv ksalt 

Hard shale 

Nice quality of salt 

Slate, rotten lime, or shale, marly 

Salt 

Bard blue lime 

Shale 

Salt 

Soft gray lime 

Hard lime 

Rait 

Slate 

Salt 

Slate 

Salt 

Slate 

Salt 

Slate 

Salt 

Hard bluo lime 



Depth. 



Ftct. 
40 

a 

25 
M 
141 
86 
130 
316 
I&< 
115 
20 
15 
35 
40 
45 
145 
5 
10 
45 
78 
97 
10 
45 
40 
67 
18 
10 
80 
10 
W) 
15 
95 
35 
15 
20 
15 
100 
15 
160 
27 



Feet. 



40 
45 
70 
101 



811 

990 

1,105 

1,125 

1,140 

1,175 

1,215 

1.200 

1.405 

1,410 

1,420 

1,466 

1,543 

1,610 

1,650 

1,696 

1,736 

1,7P2 

1,810 

1.820 

1,900 

1,910 

2.005 

2,020 

2.115 

2.150 

2.165 

2,185 

?,200. 

2,300 

2,315 

3,4/5 

2,502 



o Lane, A . C, op. cit., pi. P. 



L09 €ifwUiff DttroU Naitwnd Oat Co., DetroUf Waifne Cbimty, Mi(h,» 



iSatetUL 




anmittidgM. 

Omvai.w...;.... 



BarddiAle 

Black slate; cas and water at 165 feet. 
BhMjsaalmaai 

ItiflMStonA.'. 



IstatnaiidUinostoDe 

Wblto sandstone, quJte hard . . . . 
» («Dded m limeatooe) . 



Feet. 



100 


100 


25 


125 


8 


133 


7 


140 


52 


192 


34 


226 


14 


240 


160 


400 


75 


475 


105 


680 


IfiO 


770 



• Lane, A. C, op. elt., pi. 15b 

Log of well 0/ Morten SaU Co., Ecorse, Wayne Ccunty, IftcA.o 



MtitcriiLl. 



8iirliMadeposIt...«««««w 

flOorian: 

Jf cnroe above Sylvanla: 

DoIoni{te,Ua>t buff, with sulphur in j laces 

Dolomite* MinwineM; nlphiir and pyiite in places. 
Sylvan! a: 

Quarts sand. 

Dolomite 

Dolomite, siliceous 

Sand i. 

Dolomite, sandy [.illiilillll^m 

Mwnroe below Sylvania;?): 

DoIomit<\ chcrty 

Dolomite, dove-colored 

. Dolomi to, bluish 

' Dolomi 1 0, brown 

Dolomite, li Kill * 

Dolomite, d:u'k 

I)()lo::iit<', lii^ht 

Bepimiiiii; i>i S.iHna: 

<;vi>siiin, impure 

L'olomitc 

liolomito, bluish, ntid anhydrite lill!!!!!!! 

Suit, blue and bruuu d ^**] 

Dolomito 

Dolomi to, with auitydrito 

Aii)iy<irite,'wltllBalt I 

Doloinito 

Salt, pray atid wliito I!!..!! 

Dolomito, aiiMydrilo. flay , 

Anhydi iU', ahnost solid ." , 

Dolomite, with anhydrite , 

Salt, dohmttte^ and anhydrite 

I, S^lt.....,^.,..,,,.,, , 



Tbick. 
ness. 



Feet. 



Depth. 



Feet. 



«3 




76 


137 


eo 




65 


acs 


20 


2W 


35 


312 


35 


352 


10 


aoa 


rji) 


412 


'JO 


432 


30 


•itV2 


15 


477 


1:. 


492 


6 35 


627 


26 


60S 


46 


• 597 


90 


017 


176 


«7W 


50 


842 


80 


922 


10 


832 


10 


942 


5 


917 


15 


962 


1(X) 


1.062 


5 


l.(Ni7 


50 


1, 117 


5 


1. 122 


201 1 


1,323 



1 Lane, 



A. C, Notes on flw fleolocioel 

1909. 

6 Given as 40 foot in origlitalnpoft. 
« First salt at 73U lo«t. 
d ««Tiiig ia the most lilBely to 



igos, I). 97 

liven 



Motkn o( MldilgMi; Miefalgan GeoL Survey Ann. Rapt. Itor 
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62 BALT BBSOUBOBS Off THM UNIIBD STATES. 

Lo§^wtUIio.9 1^ PmMt9l9Qana SoU Co,, WptmdoUe, Wayne Ovuntf, Miek,» 



UmUkM, 



UmiB 

Oypsum. 



ilale. 



a&it.. 

Lime. 
Salt.. 
Stite. 



Bait. 
Linu 
80lt. 



< Fnrnished bjr the VBamytnaiA Salt Co. 
Log of well at WyandoUef Wayne Cowity, ifiicA. « 




Clay and gravd. 
DanUmBitoae. 



<m7lliiiMtaiie. 

Brown aaod with slate 

Brown MMd and Hmw 

Brown and ^rtdtalliiMitoiie. 

Vreostone.-. 

White and nrawn ttaeitoiie. 

Oray limeatone. 

abeUy linMlanB 

Brown limoBtone 

lIoddyUmeBtane 

Ytrj dartc MmaitOTW 



Umestona arid alate. ........ . 

White ttmeatone and shale. . . 
White llBia and salt, mixed. . 

Pqrawtalteaalt..... 

ia«ndMme,ahelly 

^limestone 

ishaly Unuatooe. 




shell.... 
shaly. 



Blataand brown limeatone 

Pure brown limestone 

Pure brown salt 

Pun white salt 

Salt and brown limestone 

Dark shaly limestone 

Dark limes tone 

Very dark iimestooe 

Brawn limestone 

Bhw Unestone 

Bniwn limestone 

Brown limestone, very hard 

Hard dark limestone 

Brown and blue limestone, mixed. 
White and blue limestone, mixed. 

a Lane, A. C, The 
▼oL fik Pt> 2, pi. fi6k 1 



n 

15 
10 
36 

ao 

5 

w 
n 

i 
» 

5 

ao 

104 

a« 

15 
75 
40 
70 
SO 
40 

ao 
ao 
ao 

IS 

6 
6 
S 
76 
10 
5 

ao 

10 
100 

45 
5 

00 
5 
5 

10 

10 
5 
6 
6 

50 



or lower liloWian with 



to deep borinfK MIdilgao Ctaol. Sorvaff 
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Logo/weUat WgandotU, IToytM Countif, iftdk.— Continued. 





MoTK. — The strata (rum TM 1,200 feet were provisioually assigned by Lane to the Salina. 

Log ni vfeU at Alpena^ Alpena pouafyf Mekfi 



Limestone and foasUlferous bluish-trroon shaltw 

L i;ht <x)lored limestones, fossiUfprous 

LuiK-stone 

iUue shale, Jlamliton, w ilh well-iiuii kiMl fossils 

Luuestoue. Tariable liardiiess aud culor 

I l—lmiiiL Monltio, Uflit oolond 

':^^Jtm, , . < . 

« Lane, A. C, op. cit., pL 5 

I.— Salt found a little below 1,000 feet. 




Dspth. 



Feet. 



29 


20 


60 


80 


320 


400 


m 


4H0 


m 


600 


43S 


1,0B 



Log o/fotU at PeCrolta, Ontario, Canada,* 




Y l U t m fltoy 

Blue clay 

BlueluniB 

BhKrtwto 

Blue lime 

(MiarttMipstoBk 

BtMUiw 

Hard wKUelime. 

Itottc n, porBovIinustone 

grot named In record] , 
ard gray dolomitic limestone 

Bolomltio limestone , 

YflUowiab>bafI calcareous sandstone 

Arenaceous dolomitic limestone 

Plnkish-gniy calcareous arKillacoous sandstone . . 

OraylBb-^nrute calcareous stwiiLstuue 

Oraylsb-white arptiucoous limestone , 

Orayisb-vrhitn argillaceous arenaceous limestone, 

Calcareous sandstone, gray and buff 

Orsy calcareous Siilty rock , 

grayfah-vrliite impure salt 



SIS 

345 
375 
475 
490 
1,068 
1,072 
1,076 
1, 103 
1,107 
1,133 
1^154 
1,187 
1,177 
1,103 

i,m 

l^SSl 

ilsu 



, C, op. cit., pi. 46. 
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SALT RKSOURCES OF THE UNITTCD STATES. 



Log of well at Port Limbton, Ontari-f, Canada. ^ 
Material. 



Blup clay 

>lHi'<lpnn and boulders 

8lat« and shule 

Limostuno 

GalcarfK>us clay ruck urul gypsum 

Hard fine-Rrainc'd liine^toiiV 

Soft, porous Umt^stone 

Gray dolomite, dirty yellow from 9M)le«t to SWO fwt. 

Gray aronactvms liino.stv^ne 

YelfowL"*!! arcunfNHJus linifstonp 

Ll!t;ht-;;ra V csilciinous llinostorir 

Dirt y-ycl low eilcanoiis siuidstoiie 

Dark yoll'jw-lmlf ft^rraeinoiis dulomito 

BluLsh-;rray dolomilic limeston* 

Calc3ir(H)US ^'psurn 

Grayish drab to buff dolomite 

Oypswus limp,st')ne 

Cdlcarevius p>'nseoiis clay 

Areillac'^insViime.'-tone) dolomite 

CnlciireouH siindsUjne 

rnlniroonp clay shale (salty tasto) 

Soft bltush-[rray limestone 




a L:»no, A. C, op. cit., pi. 5S. 
L')0 nf well of Peter MacEwan estate, Goderich, Ontario, Canada. 



Material. 



Clay, gravel, and boulders 

Dolomite 

Limestone 

Dolomite, with seams of Rypsiim 

Variegated marl 

Rock salt, first bod 

Dolomite, with marls 

Rock s.ilt, second bed 

Dolomite 

Rock si.lt. third bed 

Marl, with dolomite 

Rock salt, fourth bed 

Dolomite and anhydrite 

Rock salt, fifth be<l 

Marl, soft, with anhydrite 

Rock salt, sixth bed'. 

Marl, soft, with dolomite and anhydrite 



Thickness. 



Depth. 



Ft. 


in. 


Ft. 


ftl. 


7S 


9 


78 


9 


27S 


3 


357 


0 


270 


0 




0 


2n 


0 




0 


121 


0 


997 


0 


?0 


11 


1,027 


11 


32 


1 


1,060 


0 


25 


i 


1,085 


4 


6 


10 


1,093 


2 


34 


10 


1,127 


0 


yo 


7 


1,207 


7 


15 


5 


1.223 


t 


7 


0 


1,230 


t 


n 


6 


1,243 


6 


i:{5 


6 


1,379 


0 


B 


0 


1,3K5 


0 


132 


0 


1,517 


0 



Log of well No. 1, Bay City, Bay County, Jfidi.a 



Material. 



Sand and clay 

Hard pan 

Shale, blue 

Shale, sandy 

Limestone. Carboniferous (7 ) 

Sandrock; brine 45 Ictit to 55 feet 

Shale, sandy 

Shale, blue , 

GjTJSum, white 

Shale, blue 

Limerock, hard 

Sandstone, brine to 100* (Marshall). 

Shale, white 

Shale, re<l 

Shale, blue 

Limestone , 

Shale, hard, blue 

Limestone, blue 

Shale, white 

Sand shale 

Shale, blue 



Thick- 
ness. 


Depth. 


Fret. 


Fed. 


R5 


85 


25 


190 


300 


430 


145 


565 


20 


«5 


50 


en 


2.> 


an 


40 


7D0 


12 


712 


108 


830 


10 


830 


90 


«30 


sr) 


966 


100 


1,066 


50 


1,106 


40 


1,M6 

i,m 


73 


fi5 


1,3H 


105 


i,an 


120 


1,510 

i,ao 


20 



o T^ane, A. C, op. cit., pi. 0. 
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Log of well No. 1, Bay City, Bay County, Mich. — Continued. 



I > i most one , haid ... v 

Slia.lc, blue 

BIulK', white °. 

Blialo, black 

Liniostonc, black 

Sandstone, brine-bewing 

Bhale, white (Berea) 

Limestone, hard 

Sand, soft, black 

Sliale, liar^jihM ft&087 fM(; bkMk, oUy, 16 to ao feet tbiok at 2/165 fwt. 

L.iiiM8t<mvitt| iMtdr. 

Sandstone 

Limestone, gray 

" idrock, with 100* salt brine (Ben* i^)... 

'b, white. 



Shale, black, oilv, sandy. 
Limestone, black, bud.. 



Ltlmerock, gtay 

Bhale, bloe, quite hard 

T .Imert wwj m»tf, imj hard. 




Log of well qf Saginaw Plate Gkm Co., Wett Saginaw, Saginaw County, Mich.a 



lUtectel. 



Pleistocene: 

Sand, line 

Clay, red. plastic... 

Clay, bliio 

Gnivcl, w ith water. 

Till, hani[);.n, wlthi 
Saginaw louHH t iuu: 

Shale, daiJv c i^ower Verne ooallMdzOB ?)....*.. 

Fire clay, light, and dark shale 

Shale, Dine 

Shale, black 

Coal,Iar£c (Sa^iii.iw M Min? or Middle Rider)... 

Bhale, white, black impresBions 

Shale, dark (bSSkw &$l iMriionr) 

Shale, blue.... 7. , 

Shale, blue, wliltoaiid brittle 

Shale, dark nmr. 

Shale, very dart (Low«r BMer coal harlioa?} . , 

Shale, dark 

Shale, Cray 

Shale, ught and dark (lyower coal horizon?).... 

Shales, with sidcrite 

Shale, vory dark (Bangor Aider ooaihoriMn?). 

Shale, Muo 

Sandstone, micaoeous. 



Shale, very dark, almost ooal (Banger ooaI7). 

k. 



Shale, dar 
Psrma congkunorate and 

/ TiansiUon sandstone 

Sandrock 

i .- Bandrook. '"^'^""v ttlto 
flayperter ifscKViBsisiidMai 

'1 limestone 

Ifijlhkan series: 
i'^^sck and dsrk shale.... 

bine. 



■ I.!.. . gray. . . . 
Siale, dark, sandy . 
Limestone, gray.... 
Limestone . blue. . . . 

Shale, sandy 

Dolomite. 




ssndstoneand brioe83*to94*ssllnieter. 



Thiok- 

Feet. 

5 
2U 
53 

2 
21 

14 

7 
17 

15 
t- 7 
4 
8 
5 

i 

19i 
13 

9 
78 

9 
56 
12 
19 

9 
21 
49 

e24 
23 
14 

81 

35 
25 
12 
58 
5 
9 
14 
21 
14 
11 
78 



Depth. 

Feet. 

5 
25 
78 
80 

un 

116 

122 

139 
154 

161 

1G5 

173 

178 

17Hi 

ins 

I'll 

3U8 
304 
37S 
396 
404 
425 
474 

498 

521 

535 

616 

651 
676 
688 
746 
761 
760 
774 
795 
809 
820 



900 



■ Lane, A. c, Notes OH the geolflgkal seetioo cf Midilgan: MSdilgsa OsoL Barn^ Ann. Bept. for 

190H, np. 102 KM, lim. 
ft (jfect in orik;iti;il re[)ort. 
c 23 ioet in urii^mal report. 

40104'— 18— Bull. 669 6 
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SALT BESOUBOBft OT XKB UZTITED 8TATBB. 

Log of well No. 15 of Dow Chemical Co., Midland, Mich. 



Uaterial. 



olay.nd gmvtl. 



Thick- 



Feet. 
200 



BkM, whit*, wid brown sbale . . 

'VBtBTteadJogsaad. 




fpnjHUid; 

itone 



Mvnm shato and stBMki of 
Baid brownsliale 

Salt sand..... 

StTeeks of nd rack 
8»U sand 



Iff) 



220 
120 



75 
10 



Depth. 



Feet. 
200 
203 

2U-870 
380 
500 
fSO 
700 
» 

1,235 

Mir 



LofK^wU No. U f^Dw Chtmieal Co,, Midkmd, Mitk. 



Gravel and SMld 

Hud day 

Oravfll nfOnome mtw. 

Clay „ 

Quicksand 

Clay 

aravel, no water 

Sandstone.'irithUs'flowVk'initar 

fondstone 

Sand-Stone, with 
Mostly sandstone 
Sandstone, withstreaksof didesDddiategaa. 
Sands tone and abale 




Log Meffer wU, mHand, Mkh, 



liMaL 



Sand and gravel. 
Black shale..,,. 
Sandstone. 

Black shale 

light shale...... 

Sandstone. ...... 

Limestone...... 

Black shale..,., 
laght shale..,., 
limestone..... . 

Salt sand 

Salt sand, 
Salt 8and..„ 




The MaishaU sandatonie^ which is the brine-bearing bed, nnges in 
thickness from 100 feet to nearly 150 feet in the Tidnity of A^dhmd 
as reyealed in the numerona wells put down in this localitT'. Its 
top ranges from about 1,150 to 1,250 feet in depth, and its baa* from 
l,2t5 to 1,360 feet. 
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Well of Dow Chtmea Co., Jfoiml FtaMotf, EubOlti County, Mi/A. 



Or&vel, glacltil uv^wa^ . 
TULbluc 



Quick^^nd - . . . , 

Tiii, '.; _ , 

Forous. vfaii-r; coar.i*^ ^{r oti tofi, ftno -jlumI below 

Clav, red 

Till, ground inoniinr, willi l>rok". n ''onl ni.v.^urr'; 

Shutc, black, with strenks of nv.xX al -110, 4:J'). und ^A) f"i i ; 
carlwnatcofironaiid fireciskv. moHlly Ipsstliaii Sfe^L Uu: k 

Sandro<rk, fino while, with mini'ral water 

Sandrock, gruvclly, willi a strong ilow o( wau^ruol toosaji 

Limcitune, sh;ile sod red 

I-ime5tuiK-, white 

Limcstouc, white, with \ ery .s;iil w^lvr.^,,.,, 

limcsio oe, w hxi^ flaceely ctikrvest^irig 

Shale 

Sandstone. , 

Dolomite, with shale 

Anhydrite and dolouiile 

Anliydrite and nearly pure jjvps'.an 

Dolomite, shaI&.«uMla«U]rdlnte 

Top of MarshaaMBdltoTWC?) 

Sand«rf>ne .»..,,,. 

SI i .1 

Saunl.tiuite , 

Shale , 



3ndHtoiw, limestoae, or 



TJark- 



Depth. 



2i) 

71 
2f> 



IS" 

.Hi I 
UN 



21.) ■ 
7-1 

4$ 

105 i 

I 
I 



4 

15 

m 



Fcr> 



I'>l 

;5'>j 

4.(5 

*>■>) 
71') 
7'*-) 

■<■') 

. >-■■■' 
I. Ill:) 
,<>VI 

1 , 1 ri 
l,2ij 
1,270 

■>! 

■111:', 
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OHIO. 

Ohio has ranked tliird among the States in recent years in both 
qnantity and value of salt produced. The raw material is derived 
from both salt beds and natural bhnes, and the product is made by 
the most common processes of evaporation — ^the grainer and the 
vacuum-pan processes. No rock salt is mined. Considerable brine 
obtained from the beds of rock salt is utilized in the manufacture 
of so (la Bromine and calcium chioride ftko are obtained from the 
natural brines. 
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SALT RESOURCES OF THE UNITED StATES, 



POSITIOX OF FIELDS. 



Ohio salt comes from two districts, one in the northeastern and 
the other in the southeastern part of the State. Botli occurrences 
are distinct geologically as well as geographically. Their locations 
are indicated on the general map (PI. I, p. 12), but their details are 
better shown in figure 3. The southeastern field is an extension of 
the field in West Virginia, which lies on the opposite side of Ohio 
River. 

DEPOSITS IN NORTHEASTERN OHIO.* 
EXTENT. 

Thus far the production of salt in northeastern Ohio has been 
restricted to Cuyahoga, Summit, Medina, Lake, and Wayne counties, 
though salt as such is not produced in Lake Coimty, the brines ob- 
tained by the Diamond Alkah Co., at Fairport Haibor, being made 
into other sodium compounds. The salt deposits are not Hmited to 
this area, and the extension of the beds farther east is shown by the 
accompanying log of tlie HadseU well near Cortland, the correlations 
in which are those of Bownocker.' 

Log of JIadscll well, near Cortland, Trumbull County, Ohio. 



Material. 



Drift 

Shale 

BoreaRrit 

Shales, Bwlford and Ohio 

LiracstoiKs, Corai(erou5 and Monrot' 
Salina formation* 

Rock salt 

Liini'Stone 

Rock salt 

Limostone 

Kofksiilt 

Limestone 

Hock salt 

Limestone 

Rock salt 

Shnlo. white : 

Limestone 

Kock salt 

Limestone 

Shale, white 

Rock siilt 

Limtwtonc 

Rock salt 

Shale, white 

Limostono 

Shale, blue 



Depth. 



This record shows 148 feet of rock salt. If the idtcrnating strata 
of limestone, like those farther west, have many large holes filled 
with salt, then the total quantity is much in excess of that contained 



» IJownockcr, J. A., Salt deposits and the salt industry in Ohio: Ohio Oeol. Survey, -Ith ser., Bull. 8, IflOft, 
» Idem, p. 39. 
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FiQUKB 8.— Hap of MBtam Olitodiowliig looatim of adt iralks ond alkaU tvorlssiisiiig Inliie. 
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SALT BESOUBCES OV THE UNITED STATES. 



in the 148- feet. The record shows that the Bait strata exten<^ to the 
eastern limit of the State, and, althour^h the well recoixis in New 
York do not warrant the assertion, yet the j)rosumption that tlie salt 
beds of the main New York field ai-e continuations of those of Ohio 
n strong, as comparatively recent records have shown the existence 
of rock salt in Erie and Cattaraugus counties, N. Y., in localities 
where it was foi morly not known. To the south the limit of the salt 
deposits has not been determined, because the strata dip to the soath 
and east, and hence the salt horizon lies so deep that it has not been 
reached by the drUl. Westward the limit has not been determined. 
It can not extend as far as Sandusky, accord ino^ tu the folio win|f 
record, but of course too much weight must not be attached to the 
evidence afforded by a single well. 

Log of v eil at Saiidusky, Erie CowUlf, Ohiofl 



Material. 



Prirt 

Limestone, CdniifiTous 

Ifimeatoiie, Monroe aiul Niai;!ir i 

Shale, Niiii;ara, and Clinton formation 

Shale, Medina 

Shale and limestone, Cinciuiiuli 

Shale, I ticu 

Strata notrocorded. . „ 

,Tnnton.at.. 




Depth. 



Feet, 

10 

no 

i.o» 

1,185 

\,mi 

1,J<60 
2. 170 
2,210 

a. 210 



a Ohio Geul. Survey, vol. 6, p. 105, Ibttti. 

The Monroe and Niagara were found to contain layers of gypsum 
but none of salt. However, when the area beneath which salt hai 
been demonstrated to exist and the number and thickness of tiie 
salt beds are considered, the conclusion is warranted that north- 
eastern Ohio contains enough salt to last an indefinite period at the 
present rate of consumption. 

STRATIGRAPHY. 

The salt horizon in the iiortheastem part of Ohio lies beneath 
the Monroe formation and in the Salina formation of the Silurian 
system. It would appear that tlie salt-hearing beds from which 
the artificial brine (hrine formed by allowing; water to come into 
contact with the salt ])eds) is obtained in this part of the State are 
not extensions of those of southeastern AGchigan, although the salt 
in northeastern Ohio occurs at the same geologic horizon as that 
along the Detroit and St. Clair rivere hi Michigan. The reason 
for this has been explained under Michigan, and, briefly, is due to 
supposed shallow water in the ancient sea. 

It will be ol>sei^ed that in the first Ohio record given above, 
Bownocker has classifled the beds containing rock salt in north- 
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Ohio as bekmgmg to the Salina formation. This formation 
is not known to outcrop anywhere ui the State of Ohio, but that 
the depoaits in northeastern Ohio which contain the rock salt are a 
fMyathwestward extension of the Sabna formation of New York 
is now gonerallj accepted. In the past some confusion has arisen 
Irom the fact that the earliw definiti<ms of the Monroe included 
tho. salt-beaiing beds, the name being used to include aU rocks 
between the Dundee limestone above and the Niagara below. The 
present generally accepted definition of Monroe, however, restricts 
that name to the strictly marine deposits overlying the salt-bearing 
deposits (which according to Grabau and others are nonmarine) and 
imderl3ring the Dundee limestone, and the salt-bearing deposits, which 
lithologically resemble as well as occupy the stratigraphic position of 
the Salina formation of New York, are considered as imquestionably 
xepresenting the western accumulation of the Salina sea, although 
they aie not everywhere easi^ separable from the oyerlying Monroe 
deposits, espedAlly where no rock salt is present. 



BBINE HORIZON IN SOUTUBASTEBN OHIO. 
BTKATXSKAJnrr AMD STJUfOTUJO. 

The surface rocks in the Ohio Valley at Pomeroy lie at the summit 
of the Conemaugh formation, also known as the "Lower Barren 
Coal Measures.'' ^ 

The depths of die wells fhim whidi the brine is obtained have 
undergone great variatioa. At first tiie wells were shallow, reported 
ftt about 300 feet. This reached the horizon of the first Cow Run 
sandy an important source of petroleum in Washington and Morgan 
counties. Later the wells wm dieepened until a larger supply of 
brine was obtained. When this prored inadequate, tibe wells were 
i^ain deepened. 

The f o^wing skeleton record of a well belonging to the Buckeye 
Salt Co. is interesting. Ihe well head is 25 feet below the Pomeroy 
or No. 8 coal. 



CotifhicWr. 

Shale 

Sand, white and gray.. 
Sand, white and slate. 

Big Salt sand 

Sand and white shale. 

Strata unrecorded 

Benagiit 

Stntenimoorded 




Depth. 



Feet. 
M 
550 
870 
960 
1,130 
1,495 

i,Mr» 

1,670 



Note.— Brines were struck at 320 leet, density 6' B.; at 710 leet. density 9* B.; at WDllet. dtenatty 9* B4 
id«tl,S90ieet,dMMUyl6*B. tin 



1 FroHor, C. 8., Etvtod nomenolfltnw oC tiM Olilo geologioal focmsUoiis: OUo Geol. Survey, 4th ser., 
Bii]L7,p.2B,l«05. 
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A record furnished by the LiTerpool Salt & Coal Co. is as follows: 

Log o/uoeU at Bcar^crd, Mascn Comtyt W, Va, 



Material. 



Thick- 
ness. 



Depth. 



Surface to "Haneneek". 

< Hors«neck''(ooiitaliiliif cUaadiiis) 

Chiefly sbale 

First Cow Rmaiuad (uuA 

&jh:ilu,etc.............. 

Second Cow Run nod 

Shale, etc... 

First salt sand 

Shale 

Seoondsalt aand 



Feet, 



300 
50 

110 
40 

2jO 
40 

210 



Fut. 



30O 
350 

500 

750 
790 
1,009 
1,050 



Ml 



NoTS.— Tlu} namos of the sanda are those o( the driller. 



As soon as the second salt sand was reached the brine rose in the 
well to a height 600 feet below the surface. In alli the Well was 
drilled to a depth of 1,359^ feet but soon partly filled up, andihe rest 
of the record was not procurable. It was the intention to go to the 
Berea, but the Tohirne of water prevented this unless another line 
of casing was put in. A very small coal was reported in the record 
but its exact position was not given. 



In the well at Pomeroy the brine found in the Berea is much 
denser than .that found in the overlying rocks. The quantity, 

however, was small, and the well is pumped from the horizon of the 
Big Salt sand (Pottsville). The Buckeye Salt Co. has five wells, 
whose depths range from' 1,089 to 1,590 feet; the deepest woU pene- 
trates the Berea. The Excelsior Co. has four wells, whose depths 
range from 1,100 to 1,200 feet* Wells drilled farther east to the 
same geologic horizon are deeper, as the rocks dip in that direction. 

When drilling was begun in this territory the water is said to have 
risen nearly to the well heads and in some wells to have actually 
overflowed. As pumping progressed the reservoirs of brine were 
lowered, and the tubing wa-s consequently extended deeper into the 
wells, following the brine in its descent. 

For many years the ^Excelsior works have pumped from the 
760-foot level. The brine is said to rise slightly when the wells in 
the neighboring plants are not in action. The density of the brine 
increases in the direction of the dip of the rocks — that is, to the 
southeast. This is shown in the following table: 



CHA&ACT£& 0£- SaiVX. 
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JheraoM o/dengUy wUh dipth o/natural hrim at Pcmetoy, GMo. 



Tempers 
ture of 
twine. 




Pomoroy Salt Works, west end of Pomcroy....... 

Excelsior Salt Co., east end ot Tomeroy 

Byneuse 8tJX, Bramine A Caldnm Works (not now opontod), 



According to Bownocker' the yaiiation in density is due to the 
heavier brines seeking the lower leyel. Ihe differences in tempera- 
ture result in part from the different conditions under which the 
measurements were made, it not being possible in aU cases to ascertain 
the temperature directly at the well head. The variation is due also 
in part to the greater depth of the weUs to the southeast. 

The quantity of brine that has been taken from these rocks is 
enormous, much more than the rocks could at any one time contain. 
This great excess has doubtless been derived from surrounding ter- 
ritory. The brine-bearing strata dip toward Pomeroy from the 
northwest. As the brine has been pimiped from the wells, tho sup- 
ply has been renewed from the rocks lying at a higher leveL 

WELL BECOBD8. 



Lag of well No. 4, Union Salt Co., Cleveland, Cuyah<.'<ja Cimnly, Ohio.f^ 



ICateriol. 



Drift: 

Saiid 

Qiiirksand 

Blue clay 

Sanil I'-Tid t luy 

Qui'ksund 

Suiid and eravel 

Gravel and clay 

Ohio shaltvi 

Corni/eru'is, Monroe, and Nl^ptt ft 

Limestone 

SaiKlstono, white. 

Limestone ^..^ 

Sandstone, white , 

Linaestoiio 

l.Lniv>,t(ino andvodCHrit....'. 

Salina formalioii: ... 

l:ock si\it 

Limestone ^. 

Rock salt 

Limestone 4....,.,,.,.... 

lioL-k salt 

Lttnus(oiie. ....................^ 

l .ix k salt. ....W 

Limestone. ....«,,.„,.................•...• .....^a.............^.. 

Hook salt 

fiUte............................... 



Depth. 




1,7S1 
1,797 
1,816 
1.820 
1,879 
l.ftjO 
1,887 
1,041 
1,978 
1,W4 



• Bownooker. J. A., op. cit., p. 3.5. 

6 ObviuiKsiy ; ji oveisighl, as Ihe Niapar.i iiiidorlles the salt-bearing Salina formation. 
Note.— Total depth by steel-line measurement, 2,006^ feet; 316 foot of iQ-iuch casing; 379 foot of Scinch 



1 Op. oit. 28. 
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Lop o/ wdl of Union Salt Co., Newhwg, Cuyahoga County, Ohiofl 



Uatcriul. 



Drift 

Ohio and Bedford shales 

Coniiferoiis aud Monroe formatious: 

Limestone 

Sand; contains lime 

Limestone 

Balina formation: 

Ilocl£ salt and shale 

Sliale 

Limestone 

Roc'k salt 

Shale, blue 

Sand 

^ Shale 

Limestone 

Rock salt 

Shale 

Limestone 

Rock salt 

Shale •. 

Kiacara formation: 

Limestone 

Oil and sand 

Limestone 

Oil sand 

Clinton formation: 

Limestone 



Thick- 
ness. 



Depth. 



Feet. 

40 
1,3S0 

1,600 
1,700 
1,990 

2,154 
3,169 
2,2S0 

a,m 

3,340 
%M» 

1,378 

%n 

2,49 

2,430 

2,470 

2,475 

3,4S3 

2, aw 

2,6iS 
2,680 
2,686 

2,730 



• Ohio Geol. Surrey, vol. 6. p. 352, liWS. 
Log of well No. S, Cleveland Salt Co., Cleveland, Cuyahoga County, Ohio.a 



Material. 


Thick- 
ness. 


Depth. 


Shales and limestone 


Feet. 
1,821 

10 
5 
5 
5 
10 
22 
72 
2 


Fetl. 




1,831 
1,83C 
1,841 
I,M 
1« 

i,ffn 

1,058 



















a Bownocker, J. A., op. cit-, p. 36. 
Log of well of Cleveland Salt Co., Cleveland, Cuyahoga County, Ohio.o 



Material. 



First gravel 

Clav 

Rock 

Shale, white 

Shale, bliu-k 

Lime, black 

Lime, brown 

Lime, sandy 

Lime (hitter water increasing to 1,470 feet rose to 97 (cot, the level of Lake Eric) 

Sand 

Lime, brown, very hard 

Lime, wlilte (6-lnch casing seated at 1,730 feet) 

Salt and lime 

Suit, white 

Lime 

Lime and salt 

Lime 

Salt (3-lnch tubing ended at 1,954 feet) 

Lime 




« Record furnished by the Cleveland Salt Co. 
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L09 o/vHsU No, It CSojoniaZ Salt Co,, Kenmon, Summit Giunti/, Ohio, 



liitiarlBl. 



Strata not nodlAd.. 

Slate, white 

Slato, blaok 

San i^lone 

Slutf^. white 



Liino shells. 
SLiti^ 



T.imp 

I.imr, li -ht 

P.ind uii'l wnirr. . 
IJmc a-'il i ;tti'm. 

Sand an 1 linio 

Sandstone 

Band 

l>imc 

■Lime 

To top salt 

Bait 

Li mo 

Bait 

l.imo .'. 

Salt 

Lin 10 

Salt 




1,960 
2,(MQ 

2,3S0 
2.3M 
2,364 
2,410 
2.468 
a2,m 
2.5B1 

2.5H3 
2,599 

2)714 

2,724 
2,774 



• 3>fptk by tape •! tbto potnt, 3^S8S fsat. 

Note — Total depth bv tape, 2.9m feet. There is an interval of 3»fiNtflrom the topof thehtttem-lMBrinff 

horii-on at 2,3£0 feet to the top of the salt at 2,580 feet. 



Log mil No. t. Colonial 8aU Co., Kenman, SvmmU County, Ohu>. 



^rr4 t-gP^^' i • 

rn clay and sand 

Icsand. 

dfwiel.'l 

^^•Ddgmrel 

8tot*JirhH«;!!!!!!!"!!!!;; 

{iDWBheUi. 

HlMic slate 

Willie sM^ 

IMntb, 1)njwii. 

fiend, white. 

fQete,whfte 

8lBte,blaelc 

14nBe,bla«lr 

Rete and lime 

Bkie lime and salt water 

Mat lime 

yule lime 

Biu wn Ume 

Wlitte lime 

Red lime 

Belt 

Lime to second vein 

Salt 





7S 

170 
270 
A70 
1.170 

1.4T0 
1,750 
1,930 
1,990 
2.058 
2,388 
2,S9S 
2..'»H 
2,fll0 
2,fl38 
2,7)>5 
2,714 
2,723 
2,767 



NoTK.— Depth of hole by drilling, 2,773 feet; by tape, 2,725 ftet. There is an interval of 337 feel botvraea 
flw top Of tlM bmem^MflBK liMiioo M 2,308 feet Mid Um 
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Log ofwdl No, St OoUmhl Salt Co., JTcnmore, Sunrnit County^ OMo. 



Ifitarlat. 



ThJok- 



Onlekttiid. 
ciay 

Orevcl ......,.....< 

Clay 

8l«t« 

M-ioch cuing 

Towstar. 

ToWndiMsiiig by tape , 

Itebhedeastng 

AoMMUit «f Mncb CMlng uaed. 

tlDM^ WllttB... 

Bltt«ni'w»Mr 

Lifttatbtttran , 

Drown lime 

Light lime 

Struck salt 

Bottom salt.... 

Uino.. ............I 



6 
1 
5 
10 
47 
4 



34 
01 
10 
138 
24 



6 
5 
44 



Feet. 

« 

7 
13 

28 
7S 
70 
345 

%m 



9.«M 

3,711 

2.721 
2,72S 
2,770 
3,770 



Non.— Total dODtli by tape. 3,770 fbet. There Ic apiwraitljr an InmiTal of 371 feel from tbe top of tlM 
Mttaro-bearinj; honzon at 3,444 Im 



Mrelc apparently ai , 

^ , toftheult at 3,715 feet. If tbeMttemvtneneomiwedat 

S;3BlllMt,ii]iiAtaapo8anileiiitefpNtitlaio{tiitafeeofd,tte Tkelatterftgm 
aiad Oa eorreqpondiiiK elevatfon aie more to harmony with the record 



Log of weU No. 4, Colonial Salt Co., Kenmare, Summit County f Ohio. 



Material. 



Strtita unrecorded 

IJmcstonc 

Park limt^ 

I.Icht Hmo 

I>ark limo 

Hand and limo 

Wat or 

Lime 

Lime and faad *.* 

Sandstone 

Dark-gray saadstODeT (pnritMbly Ilmeetene) 

Light gray «... 

Brown lime 

Li^tit lime 

Brown lime 

Light tray [limi^lone] 
Shut down 
Brown lime 
Gray lime. . 
Dark lime.. 

Salt 

Lime 

Salt 

Lime 

m 



Fea. 
2,085 
2,1S5 
2,215 
2,23S 
2,260 

2.sn 

3,4M 
2,410 
2,4« 
3,47D 

2.478 
2,497 
2,515 
2, MA 
2,570 
2,575 
2,«2S 
3,065 
3,730 
2.740 
2,740 
3,780 
3.001 



Non.— There is appareotly an interral of 380 lieet between water at 2,360 feet and the top o( the nitat 
S|,740JBet. 
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Log of well No. 6, Colonial Salt Co., Kenmore, Summit County. Ohio. 



llatarkl. 



Sand, chij, gravel, quicksand, aad slate, soin« vnter . . . 
Slate ( lime and shelb at 240: but trace of gas at 2C5 fc«t ) 

Blate (H inch casing 376J feet) 

81at«and shell 

Slate 

Slate and shells 

Slate 

Shale 

Slate 

Limestone 

Lime ( water at 2,38S feet) 

Lime 

Water-bearing beds 

Lime 

I'ime, soft 

Lime, hard 

Limestone 

Lime 

Lime 

Salt 

Lime 

Salt 

Lime 

Salt 

Stone 



Depth. 



Fat. 
115 
370 
340 
680 
1,175 
1,330 
1,4H4 
1,795 
2,118 
2,132 
2,404 
2,4A1 
2,474 
2,497 

2,.yio 

■ 2.523 
2.547 

b2,tifia 
2,753 
2,759 
2,783 
2,H00 
2,K22 
2,R52 
2,S56 



o Pepth at this point by rtoel tape, 2,.532 feet: subsequent record correrted by 9 feet. 
b Depth at this point by steel tape, 2,6<S2 feet; subse<|iient record corrected by 23 (cct. 

NOTK.— Drilled in 1902: 84 feet of drive pipe. Total depth by steel tape, 2,H57 feet. There is an internal 
of 354 feet between the water at 2,39S feet and the top of the salt at 2,752 feet. 

Log of well No. 9 of Colonial Salt Co, Kenmore, Summit County, Ohio. 



Material. 




Ixnm, black 

Gravel 

Shale 

To top of Derea grit 

Strata unrecorded 

Slate, white 

Shale, brown 

Shale, white 

ShAle, brown 

I.imc (».ittcrnat2,.'»55fect) 

Lime, .sandy 

I^ime 

Salt 

Lime 

Salt 

Lime 

Salt 

lAme 

Salt 

Slate, white 

Salt 

Lime 

Shells, lime 

Salt 

Lime 

Lime shells 

Lime, black 

Lime, brown 

Second water-bearing Ixxls 

Sandstone 

Sand and limestone 

Lime, while 

Lime, blue 

Lime, white 

Blate, Kreen 

Lime shells 

Lime and sand (contains oil and gas) 



Depth. 



Feet. 



30 
70 
10 

270 
10 

3fi0 

17.') 
125 
3^0 
73 
1K3 
3 
8 
38 
30 
43 

a 

32 
53 
35 
55 
45 
20 
ISO 

!:> 
50 
40 
10 

70 
25 
20 
58 
85 
20 
5 
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Log of well No. 9 of CokmiM 8oU Co.,£nmmt, SummU OomOif, Okkh-CoatismoAi 




Iftterlal. 



[hktk 

CUntan 

la red rock 

Sand, Clinton 

Sand, pink, Clinton 

R<^d rock 

Sand, white 

Slate, dark 

Lime ami slate 

flteto, black ^ 

Beirook. 

Non.-TeD-inch drlv« iHm. 110 ftot: CI-liMh mlt^JMt iMt; IMMmA AprU 1 
fMt: aocond plug at 3,030 fM^ttiiFd plug »t tfiBO tetnm to an Intanrai of SU fatt 
iMt and the toip of tlM Mit «t a^MO fMk. 

Log ofvfetl <4 (kHoM 8oU Co,, Kanmon, Swnmit Countif, OUofi 





Drift (water at 110 feet) 

Slate and shells 

Limestone (water at and 2,406 (eat). 

Bait 

I-iincsiouc 

iSnlt 

Limcslono 

Salt 

Limestone....... 



Feet. 

115 
2,058 
3,752 
2,750 
2,763 
2,800 
2,823 
2,552 
~,8M 



V7.A.,0P>.«itvI».S7. 

Section of well on II. li. Boijdcn /arm, sec. 66, Norihfuld Township, SuminU C(nmty, Ohio. 



[Record furnished by Henry 8. Cbapmao, CleveUad, Ohio.] 



DOPthtfMt). 

Ten-indi drive pipe 40 

Berea grit (with ligh t gas) . . . 140-145 
8H>^chcttiiig(oiiihell).... 280 
Shale , with gas pocketi .... 270-315 

Top of lime 1,660 

Salt water 2, 100 

6i-iuch casiug ^in lime) .... 2, 250 

Dry salt 2,360-2,420 

Blown lime ahellB 2,421 

Hard brown lime 2, 860 

Newbuig aaad (top dHowing 

oil) 2,969-2,979 

Salt water 2, 980 

HMd blown lime 3,100-8,170 

Von^TI» "GUntaa" diilM my hard, aoow 
WoU WM pinood abov« and holow led 



Bottom big lime (white and 
hard) 

Shale (black and soft) 

White sand (hard) flnt 

Black ehalo i roft) 

Whito saiid (hard) second... 

Green slate (soft; 

Bed aand (soft) withahowing 
of gaa estimated at 30,000 
cubic feet at 3,387 feet 

Red slate (soft) "ox-blood ". 

Clinton white sand (dry) 

Medina shale (soft, red) .... 

Bottom of well 



Dq^Cfoet). 

3,221 
3,222-3,240 

3,240-3,260 

3, 260-3, 290 
3, 290-3, 320 
3, 320-3, 3»6 



3, 335-3, 393 
3, 393-3, 398 
3, 398-3,411 
3,411-3, 511 
3.007 
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Stetion of weU cn Nettie 8, Chapman /arm, tee. 46, JMhfietd TowtMp, SumimU 

County, Ohio. 

(Reoorl Cornisbed by Henry S. Chiipinan, Oevielaiiil, Ohio.] 



Depth (feet). 
3, 342 

8,421 
S,429 



3,444 
3,455 



Depth (feet). 

Ten-inch casing 40 

Bereagiit II&-165 

8|-in<^ caaing 180 

Skalc, with gas i>ockets . 250 

Top of lime 1,782 

•Salt water 2, 114 

6f -inch caaing 2, 342 

Dry salt 2,480-2,580 

Hard brown lime 2, 990 

Newbttig eaod 3,030-3,104 

Saltwater 3.105 

White lime 3,285-3,321 

Shale 3. 325 

Note.— Well completed ICey 27, 1912. The well was shot and tested 1^,000 cubic foot of gas together 
With 1 barrel of oil. The gas Is now wed for local ooDsamptton. 

Log ofvfeU No, 1, Ohio 8aU Co., RiOman, Wayne County, Ohiofi 



5^inch casing 

White aand 

Slate and ahale 

Green shale 

White sand with showing of 

oil 

Gray sand 

Ciinlon (gas at top with 

sofie oil and increasing in 

gas downward) 3,494-9,619 

Shale 3, 520 

Stopped drilliDg in ahale. ... 3, 551 



Thick- 
ness. 


Depth. 


Feet. 

40 
133 

ao 


Feet. 

40 
173 

m 


1,007 
50 
250 
5S5 


1,200 

1,250 

i,r-fx) 

2,035 


26S 
30 
225 


2, .303 
2,538 


66 


2,624 



MiBttrlal. 



Clav 

Quicksand and gravel 

Gray sand (Berea) 

Bedford and Ohio shales: 

Rhale, black 

8halo, red 

Slate and shells 

Shale, l»own 

Comiferous and Monroe formations: 

Limestone 

Sandstone, gray 

Shelly limestones 

BtMoA formation: 

Book salt 



r, J. A., op. eft., p. 32. 
Skeleton log o/deep well, Ohio Salt Co., Sittman, Wayne County, Ohio. 



Material. 



Thiok- 



Depth. 



Ten-inch drive pipe 

^|4D^caatiig 

Waler4>Mutng beds . . 
g^ch casing 

Thfourfi'siit!!! !!!!!!!!!!!!'.'. 

eeoena water-bearing beds. . . 

Through lime 

ffA-tnf n mrtnr 

Uttlelime 

CSlntonsaiid 

Band with show of oil on t op . 
Badraok . 



Feet. 



Hard white sand with Uttle gas. 

Slate and shells 

Medina sand 

Red rock 

Sandy lime 

Lime and shells 

Lime and slate 

Slate 



20 
10 
20 
25 
3.^ 
43 
282 
170 
130 
170 
280 



167 

220 
2,015 
2,284 
2,384 
2,540 
2,615 
a, 140 
3 296 
8,314 
3,354 
3,412 
3,432 
3,442 
3,402 
3.4S7 
3,525 
3,568 

3, «.W 
4,020 

4, \W 
4,oiO 
4,600 



Nora.— The "pendl caveV was found at 4,Q00 feet. Drilled 6 weelcs and made only 65 feet. 
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rence of beds of rock salt as revealed by deep borings. 
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Bull., vol. 16, pp. 137-181, December, 1910. 

WEST VIRGINIA. 

West Virginia is aii important producer of salt from natural brines, 
which occur in part in Carboniferous sandstones. These brines also 
furnish bromine and calcium cldorido. 

rOSITION OF FIELDS. 

The natural brines now utilized are foimd along Ohio and Kanawha 
rivers. The Ohio River field is an extension of the area in Ohio. 
Mason and Hartford, located in Mason County, are the centers of the 
industry in this part of the State. Maiden, 6 miles above C^iarleston, 
is the site of the salt, bromine, and calcium-cldoride industry on 
Kanawha River. 

OHIO RIVER AREA. 

« 

The Oliio River area is geologically a part of the Pomcroy district of 
Ohio. Mason, one of the centers of the industry in West Virginia, 
is located nearly opposite Pomeroy, Ohio, and Hartford is a short 
distance farther up the river. The geology of the brines pumped at 
Pomeroy, Ohio, has already been discussed. 

KANAWHA RIVER AREA. 

The record of a well drilled for gas on Cool Spring Branch of Burn- 
ing Springs Hollow, 2 or 3 miles from Maiden, or 9 miles above 
Charleston, throws some light on the geologic horizon from which 
brines are obtabied on Kanawha River near Charleston. Accord- 
ing to I. C. White,' the well was begmi about 100 feet below the 
horizon of the Campbell Creek coal bed, which is in the Kanawha 
formation of the Pottsville group (Penn sylvan ian). 



» White, I. C, Petroleum and natural-gas precise levels: West Virginia Geol. Survey, vol. 1, p. 272, 1899. 
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The log of tiie well is as follows: 

Log of Edwards wett No, 7, near JfeUSm, Kanawha County, W, Va. 



Conductor 

Coal, trace. 

Sana, hard, white 

81ate,gray 

Sand, era V, s( roug smell of oil 

State, dark 

Soodlhard, white; top or<'8altflMid" 

CodLipUat *. 

BomL bard, white, salty 

Slate; white - 

Limestone, white (shale) ^ 

Slate, white 

Band, bard, white. 

Sand, hard, white, flinty, salt 

Slate, blaclt 

Sand, hard, white 

Band, hard, Mno; base of " BaK MBd** .r 

Limestone, blue, 'M:reenbri<r*>er '*LaMf Ro BB l ig WWfc**ipBlnhottom 

Red rock, sandy, shaly.. 

Unrecorded 

Band, ooarss^ heavily charged with light oil 

Slate, bh»..,< 

Slate, black 

State, blue, sliading into dark blue 

Stata^ dieuy, with pulls of gas in last 

State, bhM 

Saad, shelly, with dli^t incrwM of fM 
State, blue, soft 



Tho horizon at which the well was bogim, it is .thought, is not 
very far from tho surface at the wells near Maiden. According to 
Wliito, the Salt sand in this record is 837 foot thick, and from it 
is obtabied the brine which yields the salt and brombic produced in 
the plaji t at Maiden. As WTiito has used tho term Salt sand it appeal's 
to be approximately the equivalent of the Pottsville group. The 
brines come from the Pottsville. 

BIBUOGKAFHT. 

Campbell, M.. K., U. S. Geol. Survey Geol. Atlas, Charleston folio (No. 72), p. 6, 
1901. 

Gbduut, 6. P., Uoa. ores, salt, and sandstones: West Vizgiiii* Geol. Survey, vol. 4, 
pp. 286-354,1909. 

PB1IN87LVANIA. 

Salt, bromine, and calcium cldoridc have bcoii obtained in the 
North Side, Pittsburgh, Pa. Early in 1914, however, tlio Ludustry 
ill Pittsburgh was discontinued, owing to the fact that the natural 
brines became so dilute that it was no longer pro^table to work them. 

GEOLOQT. 

At the plant where salt was produced four weUs were in operation, 
the record of one of which is given below. Tliis well, one of the 
deepest in Pennsylrania, reached a depth of 4,0S9^ feet and pene- 
40104*— 18— Boll. 069 6 
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trated nearly 4,000 foot of bods that do not outcrop in the immediate 
territory. The brine is obtained h\ this well at a depth of 1,405 feet 
from a sand designated in the record as Salt sand. This sand is 
probably in the Pocono formation, wliich is of Mississippian ago, and 
may possibly correspond with the Berea sandstone.^ The record of 
this deep well follows: 

Log of the John A. Beck No, 4 {Jos loell, at Pittsburgh, Allegheny County, Pa. 



lfat«ritil. 




Ashes and clay. 
Oravel. 



8hte (water at 05 feet) . . . 
Barnl (drive piiHs, 75 fe«t). 

Bbta 

Sand 

8Iat« 

Lime 



81at«. 

Coal 

Slato ( lO-inch cosing, 390 (rat) . 

Lime 

fibte , 

Band , 

Blate 

Lime 

Band 

Slate 



Sand 

Slate (s{-Inth casing, S40 feet). 

Sand, Big Injun 

Blate - 

Band 

Blate 

Sand 



Blate. 

Sand , 

Slate and shell 

Bait sand (salt water at 1,405 feet). 
Band 



Slate 

Band 

Slate (0|-lnch casing, 1, 0(5 feet). 
Sand (little gas at 1,(>55 feet). . . 
Slate. 



Sand 

Slate 

Sand (Gordon Stray?). 
Slate. 



Bed rot'lc 

Band ((Jordan?). 
Slate 



I and shell. 
1, Fifth... 
I and shell. 



Sand. 
Slate I 
Sand, 
Slate I 

Sand 

Slate and shell. 

Sand , 

Slato 

Sand , 

Slate 

Sand 

Bute 

Sand 

Slate , 

Sand , 

Slutoi 
Sand . 
Slate I 



I and shell. 
I and shell . 



15 
;5 
\2\ 
10 
35 
319 
10 
70 
15 
20 

5 
20 
46 
05 
30 
10 
115 

5 
10 
50 
30 
20 
10 

5 

5 
:{0 
35 
10 
00 

a 

82 
10 

310 
30 

110 
40 
35 
40 

195 
20 

580 
40 

560 
40 

m 



I Munn, M. J., Oil and gas fields of the Carnegie quadrangle. Pa.: U. S. Oeol. Survey Bull. 450, pp. 11-13; 
1911. 
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FEOBABLB BOITTHWAKD SXTENUOK OT THE SALDTA FOttlEATIOlF IN 

PENNSYLVANIA. 

Two records of very deep wells are in the possession of the Survey 
which indicate that the salt-hearing formation of New York State, 
the SaUna, prohahly continues southward into Pennsylvania. One 
of these records is that of the Derrick City or Bradford City weU, 
drilled by the Bradford Deq> Well Co., 4 miles northeast of Bradford, 
McKean County, Pa., in 1912 and 1913. The second deep well, 
known as the McDonald weQ, is located ahout 4 miles northwest of 
McDonald, Washington County, Pa., or 14 miles southwest of Pitts- 
hurgh. 

The Bradford well reached a depth of 5,820 feet and four beds of 
salt are recorded as having been encountered, which range in »i>i<^ftaiT 
from 10 to 47 feet. The top oi the highest salt bed is at a depth of 
4,490 feet; the base of the lowest is at 4,713 feet; the salt-bearing 
beds therefore extend through a total thickness of 223 feet. 

In the McDonald well, salt water was encountered at a depth of 
approziinately 6,825 feet, and rode salt was found in the interval 
between 6,825 feet and 7,175 feet, or approximately 350 feet. 

Thib record of the Bradford Qty well has been kindly furnished to 
the Survey by the Bradford Deep Well Co. and is given below: 

Log qf the Brad/ord deep welt, near Brad/ordf McKean County, I'a, 



.- r 
f. 



Material. 



! 'I 

Ndrceortl 
Slate, 
SiMe, 
Slate, lUM 



of 1,330 feet.. 



SttBd (ia Slayers, iHtaSfiMtof Uaokalata betiroan). 



IgdBbia!, banl, dark.. 



soft. ..^ . . . . . w . 

OMle, sofi, 4ark...i 

1 shells, hardgStrk.... 

B, light, soft.... 

a, softy brovi-ii 

[ sh«iJ8, bard, i»rowii. . 
Uaie shells, luM«ndu|bi 
B, soft, li 



I shplts, hard, variegated 

Liaie, hard, light 

Slate and Ume, light and of medium hardness . 
SIftte and lime^ dukwad tH medlam hardness . 

Kate, soft, UfM 

Blate and skeills, fafrly light and hard 

JLlme and8lat«, hard, light 

81a«e,8oft,UKht 

Lime shalb^ hard, dark 

tedslMUB. hard, dark 
ilsaaduato, hard, light 

Shale, soft, brown 

Saad shells, hard, brown 

Slate, soft, dark 

Oale, soft, dark 

""^ " B and slic'ls 

s, suit, black 

ktoae (shells), hard, black 

», shells, and shale, soft, brow n 

J shallg. hard, brown 

Aale,so(t^l) rown 

ttMeiNlt^MMk 




Thick- 
ness. 



iH'i.th. 



» 

110 
S7 
23 
60 

ao 

70 
10 
30 
40 

10 
10 
10 

m 

70 
30 
900 
SO 

00 

30 
3S 

n 

30 
16 
21 
») 

21 

25 
4:{ 
22 
8{ 
1-2 
155 
100 



i,ao 

1,«10 
1,117 

1,100 
l,8iO 

1,570 
1,(W0 
1,650 
l.fWO 
1.720 
1 , 7 !0 
1.710 
1 , 7.V) 

1. '-flO 
1,870 
1,900 
3.100 
2,150 
2.200 
2,2-{0 

2, ai5 

2,300 
2, M3 
2, 1130 
2, > 10 
2, M8 
2, 170 

2, m 

•i. >I5 
;:, '>iiJ 
Mi 
2,<VS5 
2, 72S 
3,7:.0 
■.^^::{ 
2, vl5 
3,000 
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Log of the Bradford deep loell, near Bradford, McKean County, Pa. — (Continued. 



Material. 




Slate, soft, white , 

Slato,soft, blatk 

Shale, soft, black and brown 

Band shale, soft, black, and browTi 

Blateand shale, soft, black 

Slate and shale, soft, brown 

" Pencil cave," soft, black 

Shale, soft, black 

Shale, soft, brown 

Lime shells, hard, dark 

Shale, soft, brown, and bla< k 

Sand, hard, black (small showing of gas from 4,066 fcot to 4,005 foot) 

Lime, hard, black 

Flint, very nard, dark, and lipht 

Sand, very hard and w hite; snowing of oil 

Lime, very hard, dark 

Sandy lime, very hard, Usht 

Lime, very hard, dark, and light 

Bandy lime, very hard, dark (gas pocket from 4,225 feet to 4,2i5 feet) 

Lime, very hard, dark 

Bhaie, soft, dark 

Lime and cynsum 

I-lme, hard, aark 

Lime, hard and variegated 

Pure salt, soft, while 

Sandy lime, fairly soft, light (showing of black oil from 4,o20feot to 4,535 feet). 

Lime and slate, fairly soft, light 

Lime, hard, dark, arid brown 

Salt, white, and soft 

Lime, hard, brown 

Lime, very hard, gray 

Salt, soft, white 

Lime, hard, brown 

Salt and " lava," soft, white 

Slate and '• lava," soft, gray 

Slate, soft, w hite 

Slate and shells, hard, dark , 

Lime, shells, hard and dark 

Lime, hard and dark 

Shale and sheils, dark 

Slate, soft, lipht and dark 

Shale, soft, dark brown 

Lime, hard, dark pray 

Lime, she Us, and slate, black 

Lime, hard, dark gray or black 

Shale, black 

Sand, very hard, eray 

Lime, very hard, bhw k 

Sand, very hard, light to dark gray (small showing of oil) 

Lime, hard, dark 

Sandy lime, hard, brown 

Lime, hard, dark 

Sandy, hard, brov.n 

Lime, hard, dark gray 

Sand, hard, Unht to dark gray 

Band, soft, dark 

Band, shells, dark 

Band, bard, gray 

Band, soft, dark 

Band and shale, dark 

Shale, soft, blue and black , 

Sand, shells, white, hard, and dark gray 

Slate and shells, very solt, gray to brown 

Sand, very hard, gray 

The re<l Medina san«l, very hard and rrd 

The red Medina .sand, soft, eray and red 

The red Medina sand, very hard, gray and while 

The red Medina sand, soft* and red 

The red Medina sand, hard and red 

The red Medina sand, gi-nerally hard, reddi.sh, white, and gray 

Sand, very hard, white to light or dark gray , 

Plato and lime shells, soft, blue and gray 

Sandy lime, hard and very dark 

Sand, alternating .soft and hard, liyht or dark gray 

Bandy lime, very bard, dark gray 

Fandi very hard, light to dark gray 

Rhale, red 

Shale and sand, red 

Shale, red 

Siiale and sand, red 

Shells, rod 

Sand and shells, red and slightly harder 



Feet. 
50 

250 
20 

155 
75 
19 
31 
80 
20 
30 

235 
30 
20 
20 
20 
10 
10 
40 
20 
30 
6 
10 

140 
70 
30 
15 
IS 
46 
10 
20 
12 
47 
8 
20 

127 
20 
40 
30 
15 
5 
15 
45 
65 
10 
70 
15 
15 
15 
46 
4 

10 
10 
10 
40 
22 
3 

g 

6 
25 
35 
40 
35 
55 
10 
40 
10 
12 
3 
11 
19 
20 
5 
2 
8 
2 
8 
5 
55 
10 
15 
15 
20 



Depth. 



Fett. 
3,150 
3,400 
3,430 
3,675 
3.650 
3,669 
3,700 
3,780 
3.800 
3,830 
4,065 

4,oa5 

4,ri5 
4. US 

4, V!a 
4,166 
4.175 
4,215 
4,235 
4,265 
4,270 
4,280 
4,420 
4,490 
4,520 
4,535 
4,550 
4,696 
4.606 
4,626 
4,638 
4,685 
4,693 
4,713 
4,840 
4.880 
4.900 
4,930 
4,915 
4,960 
4,965 
5,010 
5.0r$ 
6.«5 

5, m 

5,1SS 
5,200 
5,246 
5,2S0 
5,260 
5,270 
5,280 
5.320 
5,342 
5,345 
5,351 
5,360 
5.385 
5.430 
5.460 
5.4<« 
5,.<k50 
5,560 
5,600 
5.610 
5,622 
5,635 
5,638 
5.655 
5,675 
5,680 
5,682 
5,690 
5,692 
.5,700 
5,706 
5,760 
5.770 
5,785 
5,800 
5,820 
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FOSfTION AND EXTENT OF DEPOSITS. 

Tlie only economicnJiy important deposits of salt in \ ir<^Miu!i ure 
in the southwestern part of the State. These, with the gypsum 
deposits, extend for 20 miles dong the a id ley of the North Fork of 
Holston River and have been developed extensively in Smyth and 
Washington counties. Two gypsum plants and one salt or alkali 
works are now in operation in this area. 

STBATIORAFHT AND STRUCTURE. 

The rocks of the region are involved in an overthrust faidt which 
has been called by J. J. Stevenson the SaltvUle fault.' This dislocar 
tion brings up Cambrian hmestones on the southeast of the fanlt 
line and thrusts them over upon Mississippian ("I^wer Carbonif- 
erous") rocks on the northwest side. The fault plane at the surface 
has a general direction to the northeast. 

In considering the ared and geologic relations of the salt and 
gypsum deposits the area southeast of the fault line is not important. 
The deposits aie conlined to a l)elt northwest of the fault, and extend 
from the fault Hue nearly to tiie outcropping Mississippian sandstone 
along the foot of Fine and Little Bnisiiy mountains to the northwest. 
. According to Eckel ^ they are containori in the lower member of 
the Greenbrier ["NTewman] limestone, whicii ranges in thickness from 
600 to 1,000 feet and consists of shaly limestones with one or more 
beds of gypsum underlam by bine sludes or slates, which are in turn 
underlain by shales or slial}' liiucbUuies containing thick beds of rock 
salt. This lower member of tlie Xewman hmestone seems to be 
developed only locally, as it hjxs been recorded only m this region. 

Ow^ng to the soft nature of the rocks including the salt and gypsum 
beds, good natural exposures arc rare, but the well records of the 
region throw some light on tlie stratigraphic succession. None of the 
earlier w^cUs drilled on the Kobertson property southwest of SaltviUe 
show any appreciable amount of salt, owing, according to Eckel, 
to the possible absence of the salt beds at the places where the driUing 
Was performed or, more probably, to the possible stoppjige of diilhng 
before the salt horizon was reached. Though records of the beds 
penetrated in drilling the salt wells could not be obtained, it is 
known that salt was reached at a depth of about 800 feet, and it is 
said that the aggregate thickness of the rock-salt beds passed through 
is 175 feet. 

t Stevenson, J. J., Notes on the eeological structure of Tazewell, Eussoll, Wise, Smyth, and Washington 
wtmtfes of Vtrgbila; Aau Fliflas. fioe. Troc., vol. 22, pp. 157-100^ IBBB. 
' E I :ni Bdh nd gsfBom depadts of wothw^teni Ylrcbila: V. 8. OeoL Surrey BtiD. SIS, pp. 

406-410, 1903. 
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By combining all the data obtainable Eckel's section of the salt and 
gypsum bearing or lower member of the Newman limestone is as 
follows: 

Section cf lower mtmher of Greenbrier \Nemman'\ limestone. 



Top oi gypHiioroud Herioa to lop of Bueiia \ jHla weiie iOO 

GypsiHn-bearkig locks and ehalos In deepest well 600 

Bottom o! deepest Bucna YisU well to top ot salt beds, protMibly 

not over 100 

Salt beds an<l in< loainp: rorlcB 176 

Bottom of sail beds to Lower Carboniferous [Misfiissippianj sand- 

Btoac:i (?) 



The tbicknese of the series therefore is consideied to be Kpproxk^ 
mately 1,000 feet. 

According to Eckel ^ salt and gypsum deposits are regarded as 
haying originated from deposition through (he evaporatioii ^f sea 
water in a partly or entirely inclosed basin, and are of MissiBalpiaan 
age, being overlain by massiye beds of Kewman limestone and under- 
lain by Mississippian sandstone. 

In the descriptions of the area by Stose * the local formations are 
troated more in detaB. Stose divides the Mississippian rocks of the 
area into three formations, as follows: (1 ) An upper lin]Sest(me called 
the Kewmaa Hmestone, whidi has a thickness of about 3,325 feet; 

(2) the Macerady formation, consisting of shales, sandstones, and 
liokeslones, whicli has a thickness of 1,025 feet more or less, and 

(3) the Price sandstone, whidi has a thickness ranging from 327 to 
424 feet. The most striking fact in connection with the gypsum and 
sfllt deposits oi this district is that they have been found in quanti^ 
only in the shales of the Macerady formation along the SaltvSte 
fault. From these and from other diata Stose's cmdusions r^afdmg 
the oxigoi of the salt and gypsum 4eposits are quite differmt from 
those of £<skeL Stose regajrds them as largely secondary and not 
primaay and as having been derived from calcareous-argillaoeoiui 
sediments originally containing diasnninated gypsum and sal^ 
which were preciintated in a partially inclosed arm of the sea. This 
#98eminated salt and g^^^sum was subsequently concentrated in the 
■ame fonnatioQ by ground waters circulating along the fault soiie 
between the Carboniferous and the Cambrian rocks. 

BSOOBDS OF DfiEP WKLU VSAX 8ALTVIIXS, VA. 

The wells in the open valley near SultviJle, ^'a., are shown in Plate 
VII. Their records are given below as far as obtainable. . 

I stose, G. w., Ocoio^ry of the aaU end gyfsom dspoitts of MUthweBteni Vlcgtala: U. 8. GwL flnnragr 

BuU. £30, pp. 232-255, 1913. 
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Log of toell A on RoherUm property, near iSoKvtUe. Smifth Coun^, Vafi 

Ifatertal. 



Ciav, red 

<'lu"v and pla.stor. 
riaster, pure (>.. 




aEokel, E. C, op. cit., p. 406. 

h The pure plaster is .said to have extended 40 feet deeper — from 160 to 200 feet. 
NOTE.— Boretl botweeu 1815 and 1820. 

Log of well B on Robertton property ^ near Saltville, Smyth Covrntg^ Vafl 



likteriaL 




D«pth. 



Red day 

Clay and plaster, btirrstones. 
Clay and piaster, deep red... 

Pure plaster 

Impure bltw j 
BMdUwi' 



Fert. 



10 
30 
60 
95 
163 



• B«k«l, B. C, ep. «lt., p. 408. 

NOTB.— Bond in 1817. 

Log of well C on Robertson property, near Snlfvi/le, Smyth Counti/. T'a.o 



Material. 



Ked clay 

Clay and plaster, with brown rocks.. 

Pure pliistfT 

Slate and plaster 

Hard blue slate 

Rpd slate 

(•ray slate 

Rod rocks, a little salty 




Depth. 



Fed. 



10 
70 
100 
200 
360 
4S0 
495 
505 



• Edsel, E. Ct op. dt., n. 409. 

NOT«.— Bored in mil. 

Log of well D on Roberteon property, near SaUmUe, Smyth County, Vaj» 

ibtertaL 



Red clay 

Clay and plaster 

Plaster, ^th a little clay 

Bed clay, with a little plaster. 
Red olay, atkali, and salt 




Noo.— BondinlMT. 



a Eckel, E. C, op. cit., p. 
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Lorj of well E on Robertaon propertif, near SaUvUUf Smyth Covntyf Va,» 




Bed day 

Clay and planter 

Impure piaittor 

Pure plarter. 

Slate and plaster 

Nearly all plaster 

Blue slate 

Blue Slate and plaster 

Yeltow Boapstone 

Pure plaster 

Bed rock, with a little salt . 



' IB 



• BdMl, E. op. elt.» p. 400. 

Note.— Bored to 1847. 

Log of well F on Roberlson properly, near SallvilUf Smyth County^ Va.a 



llaterlal. 



Clay 

Clay aad plaster 

Pure plaster 

Hard mack flint rock 

Pure plaster 

Pla-;tcr and sulphur ball? 

Strata unrecorded 

Red and yellow 8oap.stonc 

Hard blue slate and red, blue, and gnij totk. 

Yellow and blue Blate 

YeUmr aad Vim alatef aalty 



Thick- 



Feet, 
17 
» 
» 
7 
6 
0 
4 
11 
2S9 

n 

70 



Depth. 



FC€t. 



a Eckel, £. C, op. cit., p. 400. 

Nob.— Dared In 188S. 

Log of well O on Robertson property, near Sallvillet Smyth County, VaA 



MateriiU. 



Sand and gravel 

Blue clay 

Hard white sandrock. 

Clay and plaster 

Boiratone. 




Depth. 



reel. 



20 


» 


10 


80 


10 


40 


15 


05 


S 


60 



Non.— 'Bored to 1854. 



a Eckel, B. C, op. cit., p. 401'. 



QeneraUxed record of typical toeU on property of the MatMeeon Co,, at SaUmlle, 

Smjfth Countyy Vafi 

MMerlal. 



Limo<;toTio and 5hale 

6hal(> ami t.N psiUTi , 

Mostly shale, with j'yiiMiin c.iv\ some rooksalt 

Mostly limestone, willi .sh ilf. }'y)isuin. nndmcksatt . 

Mostly shale, witn eypsum and rock salt 

]CMtl7roekMlt,«itliUttle shale 




aStose, O. W., Ocolosy of the salt and gypsum deposits ol southwestern Virginia: U. S. Geol. Survey 
BllU.fi80^I>.aGB,l«13. 
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red clay . 
Clay and I 
Impure pi 
Pure plast 
Blate anil 
Nearly all 
Bluesl&tO 
Blue slat« 
Yellow SOI 
Ture plasi 
Red rixrk, 



NOTB.— 



riav 

Clay and 
rare plas 
Hard Dla< 
Pure pla-s 
Plaster ai 
8tra^ xm 
Jivd and 
Hard blu 
Yellow 01 
Yellow ai 



Note. 



Band am 
Blue da; 

Biimtoi 



KOTK. 

Gene 



Limestf 

Mostly t 

Mo'dy ! 

Mostly : 



«St05 
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KANfiAS.i 

Ejmsas ranked fourth among the States in both the quantity and 
the value of the salt produced in 1915. The State produces much 
rock salt and also evaporated salt obtained by the open-pan, grainer, 
and vacuum-pan processes. 

FOSmOir AND EXTENT 07 DEPOSITS. 

In a small part. of Kansas (see map^ PL VIII) salt occnirs in salt 
marshes as brine, which on evaporation during the dry season leaves 
a coating of salt and gives the name to the so-caUed salt plains. Salt 
from this source is not known to be utilized. 

Hie rock salt which is now worked at L^ns and Kanopolis and 
from which brines are now obtained at Ellsworth, Hutchinson, Ster* 
ling, Lyons, and Anthony and were once obtained at other places lies 
well below the surface. Salt in the fonn of brine also occurs in cer- 
tain beds of the Permian and Pennsylvanian ("Coal Measures") in 
the eastern part of the State. The part of Kansas below the surface 
of which rode salt is known to exist is the south-central. By exam- 
ining the map (PI. Till) the extent of the area may be readily 
determined. It includes Rice and Kingman counties, nearly all of 
Keno Oounty, and parts of Saline, Ellsworth, Barton, McPheiaon, 
Stafford, Harvey, Pratt, Sedgwick, Barber, Harper, and Sumner 
counties. The heavy line inclosing the shaded area is drawn from 
point to point where deep wells have proved the presence of rock salt. 
The eastern limit of the salt in Kansas probably corresponds closely 
to this lino, as the salt approaches the surface eastward and is thin- 
ner thnn it is on the west and north, where it probably extends 
farther than represented. 

1 Kirk, M. Z., and Hawocth, Erasmus, Salt: Kansas U»lv. Qeol. Survey Mineral r.esouroes Ann. 
Bull , l os, i>p eu^m, IS99. (That part o( the bolktimclatiiig to the feology of KaaaaB salt (p|i.«B- 

97) is by Hawortli.) 
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SALT RESOURCES OF THE UNll'ED STATES. 



STBATIOBAPHT AKD STBUCTinfcB. 

TH£ SAI.T-MAKSH ABXA. 

According to Haworlh, the salt marshes in northern Kansas and 
possibly us far south as Stafford County obtain their salt principfdly 

from tlie salt-honrincr shales of the Dakota sandstone. These salt- 
bearing shales have been described as being near the base of the 
upper Dakota and as ranging in thickness from 15 to 30 feet. On 
account of their salinn content they undergo erosion readily and 
leave low, level areas whicli receive the leachings from adjacent 
salt-bearing shales situated to the west. The origin of the salt in 
the mar^lic^ of StafTord County, whether fntrn the ''Red Beds" or 
the salt-l)oanng slialcs of the Dakota, is difhcult to determine, ovr'v.^^ 
to the covering of Tertiary and recent saiids and gravels. Farther 
south, however, the salt marshes of the area on Cimarron River and 
the area on Salt Fork in Oklahoma arc thought to corao entirely from 
the rock salt associated with the Permian "Red Beds." 

The rock-salt beds of Kansas occur in rocks of Permian age known 
as the Marion formation. (See PI. IX, A.) They grow thinner east- 
ward to a point beyond Wellington uiul Little River and die out 
possildy without coming near the surface. It is thought that the 
salt springs at Geuda Springs, Sumner County, have their origin in 
these salt l)eds. How far the salt and associated bods extend west- 
ward is unknown, \orthward and southwaiu tiie beds are fairly 
well known from (i! ill records, from Kanopohs, EUswortli C/Ounty, on 
the north, to Anthony, llarptu- County, on tli.-' son.rh -that is, very 
nearly to the Kansas-Oklahoma State line. From the north to south 
cross section of the State (PI. IX, B) it will be observed that the beds 
thin northward. At Anthony they are 404 feet thick (depth 946 to 
1,350 feet); at Kjngman, 415 feet thick (depth, 665 to 1,080 feet) ; at 
Hutchinson, 380 feet thick (depth, 430 to 810 feet) ; at Lyons they 
are 275 feet thick (depth, 793 to 1,068 feet) ; and at KtmopoUs about 
250 foot thick (depth, 630 to 880 feet). ]^ the rate of decrease 
in thickness from Hutdiinson northward were maintained, the sah- 
bearing beds would disappear before the north boundary of ibe Stata 
was reached. It must be remembered that where more than one 
feocnd is obtainable at the same plaoe, for example, at HutduDeoQ, 
the exact thickness of the 8alt4>earing beds, aa well as the distanes 
of the topmost of them below the surface differs somewhat and at 
some of these places considerably from the %ures gi^en above . 
The records of the wells at Kanopolis, Lyons, Hutchinson, Kingman, 
and Anthony contain no reference to appreciable quantities of gyp- 
sum below them. 
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A most interesting questicm in connection with the geolor^- of the 
salt beds is their relation to the extensive gypBom deposits in different 
parts of Kanflas and of the Groat Plains aiea. The rock gypsum in . 
tlie northern part of the State, in Marshall County, lies but a few feet 
abore the Cottonwood limestone, which would place it considerably 
\>elow the Marion formatiiHi. To the south, in the gypsum central 
field, the lock gypsum occurs in the WellingtoiL shalei which overUea 
the Marion formation. If, therefore, the correlations made by 
Oiimsley * are correct, the salt beds were deposited at a period of 
time intermediate between the formation of the Marshall Comity - 
rock gypsom and that m the vicinity of Solomon* 

It ia difficult to imdentand how vadk exteoBive depooits of mlt could be formed 
without a laiger amotmt of gypeum beiiig fanned vndemeafh them. The recozds ot 
the wells at KanopoUa, Lyons, Hutchinson, KiugiiMWi, and Anthony contain no 

roferonce to trvp'-nm immediately underljing the salt beds. The <iueption i: an to 
what became'of the cal<n«m sulphate held in solution by the ocean water from which 
the rock salt was obtained. It ia barely possible that during the period of the forma- 
tion of ihe Mawhall County gypsum the inland aes did not reach southward to the 
salt-beds area, and that itfter the gypeum was prindpally precipitated out of tiie 
indosed ocean water and before concentration was carried tar enough to precipitate 
the salt, surface movements rcpultod iu draining tbi.-^ jiartially {mrified waler south- 
ward over new are&n from which fre^h ocean water was excluded, thus p^^rmittinp: the 
continued evaporation to deposit the salt now found in the salt beds from the ae» 
water from which the Marshall County g>'psum was produced. It is known that the 
Permian rocks, in general, become quite thin northward, entirely excluding the upp«r 
members of the Permian. So far us this has a bearing on the subject, it would tend 
to favor the view just expresaed.' 



WELL RECORDS. 
Zog of wttt at fR/ton, Stltworth Cbun^, £jm»A 



Blark soil, sand, and iday. 

SaiulitoiH'. ... 

BUu} shaio. 

Red shaJc 

Blue sliiiU". ...„.,-«.,»,,, 

Rock su.Il . . 

Black shale 

Gvpnn;i 

Blue atidfivpsi 

Llmestouft 

eiatc aiul jcypsmu., 
Sandstone WldgM. 



Thiok- 


DspCh. 


Fleet. 


I'eef. 


17.') 


175 


110 




60 




390 


725 


115 


RIO 


270 


1,110 


ao 


1,1^ 


10 


1.140 




1 2m 


2."i 


l,2flO 




i.ax) 


15 




26 





A Kirk, K. Z,, and Hiworth, Erasmus, o|». cit., p. g?. 



1 Grimsley, 0. P., and Bailey, B. H. 8., fitoeclalrainrt oafjrpmmaiMl gypsinn cement plastetB: Kansas 
't! ' ■ (}eol. Burny, vol J(, pis, 2and S» tm. _ 

UiKhr. Owl. Survey MiMnl ItMounM, Anik 



iiaworth, Erasmus. QeoMsy of 

Buu., law, VP. 88^ imT^ 
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SALT BESOURCES OF THE UNITED STATES. 
IjOfj of well of Crystal Salt Co.^ KanopoUs, Ellsn orlh County, Kans. 



Material. 



To top of salt 

Salt with bla<-k flakes, (|uite dark 

Shalo , 

Fair suit , 

Bait mixed with shale 

Fair salt, with dirt 

Parting shale 

Fair salt 

Shale 

Salt and dirt niLved 

Dirt 

Fair salt , 

Shale , 

Good salt 

Shale 

Salt and shale mixed 

Fair salt 

Black flakes and salt 

Shale 

Dirty salt 

Shale , 

Fair salt 

Shale , 

Fair salt 

Shale 

Dirty salt 

Shale 

Fair salt 

Salt and shale mixed 

Clay 

Salt and shale mixed 

Hard black salt 

Good salt with blank streaks running up and down. 

Fair salt 

Salt and shale mixed 

Fair salt with dark streaks 

Shale 

Dark salt 

Parting sha!e , 

Dark salt , 

Farting' 

Dark salt , 

Good salt , 

Black salt 

Fair salt 

Shale 

Good salt 

Fair salt 

Streaked black salt 

. Salt (be<l now being worked) 

Total depth 



Tbick- 
oess. 



Ft. in. 


Ft. 


in. 


612 




612 




10 
1 




\ 11 
1 




3 




14 




4 




18 




6 




24 






2 


24 


2 


5 




23 


3 


1 


6 


30 


8 


6 




28 


8 




3 


So 


n 


3 


6 


40 


i 




2 


40 


m 

T 


4 




44 


• 


1 




45 


• 


4 




49 


• 

» 


4 




S3 


m 

1 


20 




73 


7 




8 


74 


• 


7 




81 


3 


•I 




83 


m 

9 


3 




So 


m 

3 


1 


6 


80 


I 


2 




88 


9 


2 




90 


9 


11 




101 


9 


1 






9 


3 




105 


9 




10 


106 


7 


7 




113 


7 


g 




122 


7 




8 


123 


I 


s 




131 


1 


4 




135 


3 


1 


6 


136 


9 


6 




143 


9 


1 




143 


9 


7 


A 


151 


3 




1 


151 


4 


1 


3 


153 


7 




1 


153 


8 


1 


6 


154 


2 


3 




157 


2 




6 


157 


8 


5 


6 


163 


3 




2 


10 


4 


1 


8 


Ifi 




3 




16S 




2 


0 


170 


( 


11 




181 
793 


6 
« 



Lo'j of shaft Xo. S, of Cryntal Salt Co.a 



Materia!. 



Shale 

Dark salt 

Shale 

Dark salt 

Shalo 

Dark salt 

Shalo 

Dark salt 

Shale 

Dark salt 

Shale 

Light-colored salt. 

Shale 

Light-colored salt. 



Thick- 
ness. 



Depth. 



Ft. 


in. 


Ft. In, 




10 




5 


5 10 




3 


« 


I 


10 


7 10 




1 


7 11 


15 




22 11 




1 


23 


1 


4 


34 4 


8 




33 4 


4 




36 4 




1 


36 5 


3 


6 


39 11 




1 


40 


6 


10 


46 10 



a Sunk in a search for potash salt below the bottom of the salt bDing worked, Kanopolis, Kans. 
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£09 oj mil at KanopolUf EUsvmrth County, Kam.'^ 



MkterU. 



Boil, sandy 

Bro\vn sand. 
Yellow sand. 



fnml. 



Gray I 
Li^t-gnQT tiMpttoini.. 
Pad rfnyt 

PliikSa» 

Gray ahale........«»«« 

Gray sand «Dd gnml . 



Gray I 

Dark-UuB abate .. . 
liepdUoalcmd dude 

Radahals 

SUica or light 
8Uicaorli£ht 
R«l Tilsaalo » raek. 
Brown Trlasiio rook 





Dark-^ad 
Brown 



IMrtHPed Triasatoroek. 

Tifeeesof KTpsum 

I>ark-rc<l 'niaBsle rock 

Very dark red Triassic rock 

Dark (orpsam) Triassio rock. — 
BrownTtraces) Triassic rock . . . . . 

Blue shale 

Blue shale and gypsum 

Blue shale 

Brown shale 

Red Tilasalorock, KjT>s«ni 

Brown Triasslo rock, gypsum . . . . 

Brown Sha!c 

Gn\y shale 

PrnM,ni shalo 

Blue sliale 

Blue shule with few sculcs of suit . 

Blue shale and salt mixwl 

Black shale andsiUt niixt^ d 

Salt 

fialt and sLalo 

Kha.le and iiult 

Salt 



Salt, bright crvstiih; 

Slic;htly mixca with •■■hA\f 

Salt, slightly mixed with sluto. 
Mtodolay. 



Thick- 
ness. 



Feet. 



Depth. 



a Kirk, M. Z., and Haworth, Krosinus, op. cit., p. 94.. 

» The racks called Trisssie la this record are now dssaiflsd as Permian. 
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a 

W 


5 


10 


5 


is 


5 


ao 


10 


ao 


5 




5 


40 


10 


to 


5 


55 


5 


00 


5 


65 


10 


75 


5 


80 


30 


110 


25 


145 


35 




5 


IRS 




100 


10 


200 


iO 


240 


5 




10 


OCK 






10 




20 


9flB 




WW 


IS 




J.«J 




5 




10 




15 


no 


5 


MS 

vuv 


5 


S70 


10 

av 




5 

V 




K 
w 


no 


S 
9 


UK 


ft 
V 








It 

V 


41A 


JiO 

wV 


^uv 


10 


470 


15 


485 


5 


490 


15 


505 


20 


525 


5 


630 


30 


560 


75 


639 


5 


640 


5 


645 


5 


650 


5 


655 


5 


660 


5 


665 


5 


070 


ISo 


855 


5 


1 860 


10 


I 870 


10 
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SALT RESOURCES OF THE UNITED STATES. 



Log of gha/l of Lyons Rock Salt Co., Lyons, liice County, Kans.f^ 



Material. 




Soil and sandy loam 

8uii(ly loam 

Siuulstono 

Viirit'Katod clays 

BliH'clny 

Bliu:k shiile 

Gray siuidstono 

Bod s:in(Lstuiio 

Red sandy shalo 

Rodcliiy 

Soft llmi'Stono 

G\l>suni aud liiacstono 

Blue shale 

Red shale aud 1)1 uo, mixed with gj'psum 

Dark-Kraf shale 

Roddi-sh-gray shiUe 

Dark-Kmy shnle 

Llphl-gray salt rot-k 

Dnrk-pray salt and rock 

Llgbt-gray salt rock 

Dark-gray salt rock 

light-Kray salt rock 

Reddish cray salt rock 

Gray shalo 

Dark-priiy salt rock 

Oray sh:uo and salt, mixed 

Gray shale 

Light pray salt rocks 

Rwk salt and sli;ilo 

Ught-Kray salt rock 

Gray sliolo 

Light-gray salt rock 

Shale 

Light-gray salt rook 

Bnale and salt rock, mixed 

Dark sal t and shalo 

Crj'stal salt 

Shale and salt ; 

Dark salt and shalo 

Dark-ml sh;ile 

Dark s ilt and rock 

Dark salt, with crystals 

Rook and salt an<l shale 

Dark salt and shalo 

Crystal salt 

Shale 

Light-gray salt 

Shale 

light-gray salt aud a liltlc shale «, 



Feet. 
30 
15 
10 
12 
13 
30 
10 
78 
» 
18 
3 
9 
4 
293 
60 
30 
123 
2 

1 

8 

4 
9 

i 

8, 
1 

6. 



4 

7 

m 

6 
10 
17 
19 
21 

2 

1 

1 

10 



a Kirk, M. Z., and Havorth, Erasmus, op. clt., p. 98. 
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Log of Standard SaU Co. t §httft, LUtie Rivtr, Rice OomUy, Kam, 



MitariiL 



Thick- 



M 

Bandr clav 

Boft ro<I shale , 

Band und shale. .... 
Red and blutahale. 

Blueshalo.*^ 

R«d and tdsishftle. 

Rod slialr , 

Blur shall- 

Red and blueshAl«. 

lUdshftl.-.^ 

Bhioshale,... 

Oray sh,^!a^ 

Blui' shrtlo., 

flalt and stUHe. , 

Bluf shale.^... ...... 

Bait and Bbftle , 

Salt 

flhale 

Salt , 

Hhale... 

Salt..,^. 



Salt... 

Blur sSh , 

Sail 

J}lijoshiileiM«»^.... 

Rod shale....^ 

ni(i.« shall. 

Salt 

Uliio shalo 

Clear orystalaalt 

Shale...,..:. 

Bait 

Shale ^ 

Cn'stallinp ilt 

Bluesliili 

Crvstallmesalt 

Blue and ndshAle 

SaU 

thilr 

Salt and - rinlr' 

CrvstaJii/rd At. 

Salt and shaic. 

Salt 

Salt and shalf 

Crvstallizod ^ ittddmmdngloworkthisbed). 

8aUaad»halc.... 

Salt. 

Shalo 

rrvstalliMdsalt. 

Shale 

Salt 

Shalt' , 

Cry lalH/.t'd s:ilr , 

Shalt' and j^'vii'-uni 

Sand aini sti 

Sandstniw 

Rhalo and pypsum , 

Blue and red stiale 

Shale and gypsnm 



Ft. In. 


Ft. <». 


2 


S 




44 


4A 




4 


A 




Ifi 


65 




284 


349 




fl2 


411 




1»» 


421 




IS 


434 






440 




22 


462 




1 


4tS 




73 


638 




3 


530 




19 


558 




5 


5^3 






SS5 




10 


svs 




10 


5S5 




1 






ft 






3 


j'j:. 




6 7 






8 


r.i 'J 


7 


1« 


fVj,.') 


i 


2 


<-.'7 


"7 


8 


din 


7 


1 


m 


t 


r, 




1 


1 »■, 


(m 


7 


5 




7 


1 




7 


27 




7 


5 




7 


2 




7 


1 




7 


•n 


t>s»j 


7 


4 0 


701 


1 


31 


732 


1 


1 2 


733 


3 


0 6 


739 


9 




743 


3 


6 


743 


9 


15 


7S8 


9 


0 


750 


3 


5 


7»>4 


3 


3 
18 


7(17 

7^"> 


3 


1 e. 


?'<•'. 


1 i 


;) 


Tit.'. 




4 


7!nt 


<) 


7 6 


HIC 




9 « 


810 


9 


3 6 


820 


3 


17 


837 


3 


8 


845 


3 


108 


953 


3 


6 10 


9r.<) 


1 


1 fi 


lK,t 


7 


i») »; 


'.>?'' 


1 


10 




1 


8 


m 


1 
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SALT RESOURCES OF THE UNITED STATES. 



Log of well al Little liiicr^ Rice County, lums.o 



Matcrbl. 



Thick- 
ness. 



Depth. 



Soil 

Shale 

Red shale 

Rod sandstone 

Red sandstone 

Rwl shale 

DItiorlay and shale. 

Suit and shale 

Rock salt 

Shale 

Rock salt 

Sait 

Shale 

Rfjck salt 

Clear salt 

Shale 

Rock salt 

Clear salt , 

Shale 

Rock salt 



Feet. 
16 
2 
3d 
8 
9 
2^ 
256 
10 
70 
4 
43 
39 
8 
35 
54 
4 
57 
23 
5 
27 



Feet. 

IS 

IS 

u 

(2 
71 
39 

SS6 

m 
m 

V! 
% 

ft 

S2 
90 
93! 
937 
961 



a Kirk, M. Z., and Haworth, Erasmus, op. cit., p. 95. 
NoTK.— Record f.irnished by the driller, J. P. Brislven, Lyons, Kans. 

Log of well of SLerlimj Salt Co., north of plant, Sterling, Rice County, Kam. 



Matcrbl. 



Soli 

Sand 

Clay, lime, and gypsum 

(^lay and sand 

Red rcK'k 

Blue .shale 

Salt and shale 

Shale 

Salt 

Shale 

Salt and shale 

Shale 

Salt and shale 

Shale 

Salt 

Salt and shale 

Salt 

Shale 

Salt and shale 

Salt 

Salt and shale 

Salt 

Shale 



Thick- 
ness. 



Deptb. 



Feet. 

8 
70 
34 
21 
340 
221 
8 
4 
5 
0 
9 
IK 
13 
4 
40 
10 
45 
10 
10 
4 

10 
32 
5 



Fed. 

% 

n 
itt 

IS 
49 
M 

m 
n 

m 
j» 

9 

814 
» 



925 
990 



Note.— Drive pipe, 133 feet; casing, 204 feet; tubing, 915 feet. Put down in 1902. 



Digitized by GoO' 



KANSAS. 



97 



Log of ii'ell at Sterling, Ru^e County, Kans.<* 



Material. 



Soil and saad.. 
Red shale..... 
Black ihalft^.. 

Salt : 

Sbale 

fialt 

Bait and shale. 

Salt. 



Salt, 
fialtaadstaale.. 

telt 

Salt and sbsis.. 

Salt 

Salt and shale. . 
Salt 



Tiiick- 
I1CS$. 


Peptn. 






m 


130 


am 


48* 


mM,9 


mw 


10 


710 


25 


m 


10 


745 


37 


182 


S» 


810 


6 


815 


4« 


888 


6 


888 


SO 


888 


B 
«S 


887 


10 


885 
075 


5 


800 



a Eirk, H. Z., and Hsworth, Ersnnus, op. dt., p. 97. 
MoTB.— At old sufor works. Beeoid nported by the drillen, Tslmer & Davlg. 

Log ofiiodl No. i of HutcJaTittm Pure Salt Co.^ Hutehinson, Reno CotaUjf, Kant. 



First salt siriuk at depth of. 

Salt 

Shale 

Salt and jiftale 

Salt 

Shale 

Sail 

Sail and shale 

Salt 

Salt iuid shuiL' 

SaU 

Shul? 

Salt 

Salt :iU(l s*i;i!o 

Salt 

Shale 



Thidr- 
neaa. 


Dcptlu 


Fui. 


Fid. 




m 


33 


456 


0 


MS 


5 


470 


4 


474 


9 




27 


510 


5 




45 


W,) 


10 


570 


23 


:m 


.'i 


5<)7 


l,«i 


rn 


i.} 
19 


732 
7.M 


4 


7'>o 



Nom— Drfvaplps, 74 fset; essbig, 128 feet; tuhing, 741 Itet. 

Log ofwU No. 5 of Careif Salt Co.^ HttUMmon^ Reno ComUyt Kam. 



Material. 



Soil and sand . . . 

Rnd shalp 

Blue shalo 

Salt and shalo... 

Salt 

Shale 

Salt find shalr. . . 

Salt 

Salt nnd shale. . . 

Shale 

Salt find shalo 

Salt 

Salt and ;;h;ilo... 

Salt 

Salt p.ud shale... 

Salt 

Salt and shuie... 

Salt 

Salt and sh.\l«:... 
Salt (vory h;ird). 
Salt and sliiJe... 

Salt 

(i yj)stiin 



Thick- 
ness. 


Depth. 


F, (1. 


F(Ct. 


73 


73 


09 


172 


271 


4!a 


4 

,v 


417 

45.5 


s 
7 


4 fa 

47(1 


H> 


4'^t; 


5 


41} 1 


4 


41*"> 


5 




65 


m 


10 
30 


575 


.9 


GU 


5 


rd9 


5 


6?» 


23 


6»4 


10 




50 


704 


10 


714 


40 


7eo 


5 


765 



NoTB,^Drive pipe, 73 feet; easing, 143 feet; tubing, 750 feet, 
•ad Mit, 86 feet; toUa shalo, 12 feet; gypsom, 5 fesi. 

40104''— 18— Bull. 680 1 



Total salt deposit, 240 feet; total shale 
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SALT KESOXJRCES OF THE UNITED STATES. 



Log of well No. 4 of Carey Sail Co., IluUhinsov. , Reno Covniy, Kans. 



Material. 




Boll and sand 

Soil liinc 

Rod shale 

Rod and blue slmtc. 

Lljihl-blue slialf 

Tvb^l and blue shale. 

Blue shale 

Salt and shsle 

Ssdt 

Salt and shalo 

Shale 

Bait and shale 

Bait ^ 

Oiale 

Salt and shalo 

Shale 

Salt and shalo 

SiilU 

Shale 

Salt and shulo 

Salt 

Shale 

Sait and shale 

S.Ut 

Suit and shale 

Salt 

Salt and shale 

Salt 

Salt and shale 

Salt 

Gypsum 



Feet. 



Depth. 



75 


75 


5 


00 


75 


lis 


145 


3fO 


40 




40 


SW 


io 


440 


8 


44S 


12 


460 


4 




12 


476 


5 


4S1 


12 


403 


4 


4fi7 


12 




4 




5 


51S 


40 




4 


662 


8 


570 


34 


604 


& 


<m 


4 


613 


5 


618 


5 


623 


15 


638 


10 


MS 


45 


693 


5 


m 


62 


760 


5 


»5 



Note.— Drive pipe, 75 fi?et; casing, IW feet: Utbing, 750 fevt. 

Log of well of Carey Sail Co., Uulfkimon, lieno County, Kans. 

Xfaterial. 



Boil and sand 

Qulelcsand 

Red rock 

Sand, gravel, and water 

Kod rock 

Sui»d 

Red rock. 

Rand 

iJcd rock and small stro:Uc of sand, with water 

Oiay firo day 

Rod rock...." 

Gray ftro day 

Tied rock-...' 

Lii^ht shale 

KoU rock 

U«ht shale 

Salt and shale, not differentiated 




NoTR.— 84nch drive pipe, M feet; 2|-inch tubing, 756 leet; Sf-inch pipe, 164 feet. 
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Log of Bm. Blanchurd prospect well, south of Arkantoi River, HutchinMont Kans.'* 



Sand, dcUty and $011 . 

Bod shale 

Slmle 

Red shale 

Blue shale 

Gray shale 

Red shale 

Black shale 

Red shalr 

Black shale 

Black shale 

Salt 

Shalo 

Shall! and salt 

Sail 

Slwle 

Shalo 

Shale 

Salt 

Shale 

Salt 

Bhale 



fSnti 



Salt, 
flteto. 




bi0. 



ClftT 

Bhale 

Gypsum... 
Black shale 
Limestma. 

Shale 

Limestone . 
Black 
limestaiM 



T-lmcstonc 

Sbiic 

Rod sandstone 

Limestone 

Bhale (smallseam coal) . 

Limestone 

Sandstone 

Limestone... 

Shale 

Limestone.. 

Sh^le 




rffi. 


r(€f. 


1 

l-tO 




Oft 






111 


I V 




1 *> 




i 




lU 


•vrl 


1 1k 




w 


57-1 


A 
\ 






473 


lo 


jm 
491 


m 

B 


490 


41. 

*9 




19 






6X1 


6) 




o 

2 


53') 1 


11 


all 


7 


64X 


10 


558 




■iS 




ow 


3 


Cat 

HI 


47 


018 


8 


Alt 

Oil 


138 


779 


11 


7w2 


8 


800 


87 


887 




880 


88 


AAA 

was 


9 


AAA 


1 


W7 


e 


ni 


8 


AVA 

919 


5 


994 


6 


ABA 

no 


2 


Bail 


19 


Ml 


XI 


on 


10 


073 


7 


979 


24 


1,003 


27 


i,o:w 


2V 


1,052 


It 


1,066 




i.oyl 


45 


1, I W) 


12 


l.US 


36 


1,184 


26 


1,210 


3:. 


1,245 


10 


1 , 2.V> 


30 


l.'JKT) 


5 


1,290 


7 


1,297 





a Kiik, H. Z., ami Hawortb, Bnunuis, op. oit, p. 02. 

NijTE.— Kecord furnisluvl liy tho drillers, PalnuT A l"»u\i>. Tii tlio uriL'iiiiil record the totol ilfpUi is 
given as 1,307 (eet; there are certain discrepaaoies between thickness of individual strata and total Uei^Ui. 
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Log o/weU of Kingman Light & Fud Co., 1} miZet north ^Kingman, Kamfl 



Bedrock 



itoabato. 



Bine sypsam 

Ifixod redthaleam! tdm gypsiua . 
Blue shale. 



Brown soft I 

Blue shale 

rd bliio rock..... 

It and shale 

lestone 

Salt and shale. .......^ 

limestone 

Salt and shale. 

\Vhitolinie8ton0 

Oily shale 

wmtelimestotie and dude. 

Blue shale 

Flinty marble 

Salt, shalo, And siielly rock. 

limestone 

Umostone and shale 

limostoM 

Shale. 

UmestOM 

Rhalo....4... 

I^imostooe.. .• 

Shale 

Limestone 

Oil sand and slialo . .- 

Shalo andUmeatooB 

Slialo 

Limestone... 

Sandstone 

8h:iIo und sttDdStone 

Hlt:o shale......... 

Shale 

Redshulo 

Ssjidstonc 

Sandy shale 

BiifT saodstone 

Shalo 

Brown sandstone 

Sandy shalo 

Buflsbale 




5 
70 
5 
1«5 
5 
1«5 
5 
2S 
8 
9 
IS 
4 
5 
10 
15 
») 
35 
5 
5 
IS 
IS 
13 
10 
5 
10 
5 
3 
13 
30 
5 
5 
0 

10 
8 
6 

94 

5 
30 



Depth. 



Feet. 
100 
130 
395 

305 
AM 

585 
590 
660 
665 

830 

S35 
1,000 
l,W5 

l,«i(i 
1,015 
1,061 
1,006 
1 Q70 
1,080 
1,095 
1,125 
1,160 
1,165 
1,170 
1.185 
1,197 
1,310 
1,390 
1,225 
1,235 
1,2*0 
1,243 
!.2:.5 
1,2;^ 
1,290 
1 , ■> 
• 1,3»)4 
1,310 
l.Sl.'O 

1 . m 

1 . :3--vS 

1,30 



« Kirk, M. Z., and Haworth, Erasmus, op. cit., p. 91. 

NOTB.— Drilled la 1887. Record reported by coimty surveyor, W. H. Child. In the orisinal the total 
depth is given as 1.410 feet. Tbere ai» oertala dlMnpaiwiM, Jiowever, hetweeD tMetmw of individael 
beds and total depth. 

Log of well oj Orient Salt Co., Anthony, Harper Cuunty, Kons.o 



Iifaterial. 




Soil 

IJjrht satidy shale 

Bandy sha'lei with uitto water. 

lied s'hnle 

Light sandy shale. 

Ilea shale 

Sandy shale, waterbearing... 

Ufh^KdiASUe 

^Male 

Plnlc shale 

Kedsbala 



Feet. 



& 
5 
30 
5 
10 
10 
10 
10 
IS 
40 
3S 
40 



Depth. 



Feet. 



5 
10 
40 
45 
» 
« 
76 
86 
HO 
140 
176 
916 



a Foraaadditlonalreeotd of Strata at Anthony, Kama., see Kirk, U.Z., and Uawortb, Erasmus, op. eft* 

p. 90. 
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Be 
DI 

Re 
Bl 
Mi 
Hi 
Br 
Bl 
Ht 
8a 
LL 
Sa 
l.i 
Sa 
W 
Ol 
W 
Bl 
Fl 
Sa 
lA 
U 
lA 
8b 
1. 1 
8h 
1.1 
Sh 

Ol 
81; 
81 
LI 
Sa 
S» 
Bl 
81 
R' 
8s 
Se 
D 
81 
Ji 
Si 
B 



S« 

n 

8i 
R 

Jj 
u 

SI 
L. 
R 

r 

R 
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Log of well of Orient Salt Co.^ Anthony, Harper County, JTan^.^OoDtinned. 



Mat^rlfll. 



White shale 

I>ark-rod shale 

I' ink shale 

Red shale 

Red and whlt« shale. . . 

Red shiile 

WhJte sliale with shells. 

White shale 

W hlie and red shale . . . , 

"Bhu'k shale 

Blue shale 

Salt and shale. . ... 

Blue shale 

Roi-k silt 

Cf ray shale 

Red" shale 

He<i sh;jl«>. little s:'ll. . . 
Bed and gray shulc . . . . 

Red sliiile 

White shale 

Rock salt 

.Cray shale 



iniBK- 

DCSS. 


Depth. 


Fu*. 


FeeL 


30 




U 


930 


15 


SOS 


95 


330 


126 


455 


80 


835 


115 


650 


105 


785 


uir 


■ w 


10 


MO 


20 


890 


3 


823 


7 


830 


30 


800 


15 




90 


S! 


5 


MO 


10 


010 


5 


915 


5 


WO 


40 


m 


40 


1,000 



N<n K. i roin 1,000 feet to the total depth of the well the strata could not be named on ncootint nf om es- 
Sive caviniT. At 790 feet a flow of hrine wai r.iirii c-;il;te, and at 7^>7 feet a flow of brine was hit in k whuh 
the drillers were nn.itile to bail out. so the s-iin h < asim: was put in to stop the flow. The dri\o jiijie was 

J»ut down to a depth of 75 feet; 4-incb tubing to a depth of 1.025 feet; asd ii-incb easing to 1,050 feet. It 
• pMUliar tliikt the aiviitg dtanctar of tbe rock reqniicd tlM tubing to tw pratoctod. 

BIBLIOGRAPHY. 

Bailbt, E. II. S., Salt in Kansas — its composition and methods of manufacture: 
Kansas State Bomd A-r. Kig'ntli Biciui. llr].t., j.t. 2. 1891 0'2, p];. 107-180, 1893. 

Hay, Robkkt, Cteology and minf>ral rcHotirct ^- oi Kansas: Kansas Stato Board Apr. 
Eighth Bienn. liupt., pt. 2, liji>i-92, pp. UO-162, 1893. Inclades an account o£ 
the lead, zinc, coal, salt, and oth& mineml depodta. Salt, pp. 137-142. 

EuiK, M. Z., Salt: Mineral leoources of Kanoaa for 1898, pp. 67-123, 1899. That part 
relating to the geology of Kansas salt (pp. 86^7) is by Erasmus Haworth. 

LOUISIANA. 

Louisiana in 1915 ranked fifth in quantity and sixth in value of 
salt produced, the product being rock salt. 

POSITION OF DEPOSITS. 

Salt occurs in two distinct sections of the State, m the north- 
central and northern part and in the southern part, the more impor- 
tant known deposits and those worked at present being in the 
southern part, in close proximity to the Gulf coast. The locations 
of the deposits or salhios of the State are shown on tho accompanying 
maps (PL X and fig. 4). 

SALIf^ES OF NO&Tii£IlN LOUISIANA. 
LOCATION. 

In the northern part of Louisiana, in the valley of Sabine River, 
salt springs occur at Negreet, about 1^ miles above the mouth of 
Bayou Negreet in Sabine Parish, in the SW. I sec. 24, T. 5 N., 
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K. 13 W.; at StoiieCioaLBlu^f, in sec 33. T. 6 N., 13 W.; oiid near 
Many, on tho road from Marthavillc to Maay, near Book Sprlnsa 
Church, in the NE. \ sec. 24, T. 8 N , K. 11 W. 

In the valley of Red River are tlie foliowmg: Ba} on Castor Saline, 
5 milee north of Roclu lle or about 4 miles above the mouth of Dug- 
demona River; Catahoula Salt Springs, on Catahoula Lake; Brown's 
Sahne, 6 miles West of TuIIos or 18 miles southcn^^t of Winnficld, on 
Dugdemona River; near Georgetown; at Rorholle, Tuilos, and Selma; 
northwest of Wimifield, Winn Parish; at Cedar Bajou; and at Ooochia 
Dome. 

Important salino^, from which much evaporated salt was ohts^med 
during tho Civil War and earlier, were known as Drake's, Prioe\ 
Baybum's, and King's, after the names of their respective owners or 
managers. A full account of the more important salines of northern 
Louisiana has been given by Veatch/ Bist ineau Saline, the largest 
saline in northern Louisiana, was in Lake Bistineau, sees. 25, 26, 35, 
and 36, T. 18 N., R. 10 W. 

nSTOET. 

Hie works at the old salines in noxihem Louisiana, now aban*" 
doned, were active during the Civil War and for some time before it, 
but since the war they have not been able to compete with those 
that produce salt by more improved methods at places that have 
better transportatbn facilities. Most of the old salines were areas 
where brine issued from the ground in the foim of springs or where 
it was pumped in crude fashion and evaporated. These brinee in- 
dicate diat bodies of rock salt lie below. 

ST&ATIOSAPBT. 

The salt springs of northern Louisiana are described by Veatdi la 
emerging generally from Uppw Cretaceous outcrops and are thus 
mapped on the geologic map of the State accompanying the report 
of Harris and Veatch.' Harris ' notes that "the Cretaceous rocks 
appearing about the peripheries of the northern salines are not the 
uppermost Cretaceous stages, but rather those at about the horizon 
of the Nacatoch marls or Anona limestone — that is, below the Arka- 
delphia clays that cap the Cretaceous in southwest Arkansas." At 
Raybum's, Bistineau, and King's salines, fossils characteristic of tbe 
upper beds of the Upper Cretaceous have been found. Though proof 
is lacking of the Cretaceous age of the hard leaf-bearing sandy pyritio 
limestone that occurs at Coochie Brake and at Price's Saline and that 

i V^tch, A. C, The salines of north Louisiana; a report on Um geology of Louisiana, pp. 47-100, Louisiana 
Bxptr. Bta., 190B. 

» Harris, G. D., and VntrV, \. C, A preliminary report on the geology of Ix)uis!nnf», Louisiana Kxper. 
8ta.| 1809. Tho map oppu&ite p. 44 precedes section 2 on general geology. See also The Five Lsiands, 
ldem» p. 961. 

* Harris, o. D., TlM gMtoflnl ooottneBM «t loek «lt la LonHana aad mmI Tnaac Bonk 0Mltcy» 

VOL 4, p. U, 1909. 



Digitized by Google 



1081 



seems to be associAted with a large bed of soft ohUMike limestoiM 
at Drake's, the facts thus far collected rather strong^ indicate it. 
In a later report by Veatch ' some salines are noted as issuing from 
TofskB higher in the geologic column; for example, the brine from the 
Kegreet Salt Works, whkh issues from the St. Maurice formation^ 
the lower formation of the Qaibome group (Eocene). 



BALIN1B8 OF SOUTHKBN LOUISIANA. 

LOCATIOW. 

The most important salt deposits of Louisiana are located near the 

southern coast on the 

Five Islands, or Salt ' 

Islands as they are 
soin e t i m 0 s called, 
namely, Petite Anse, 
Grande Cote, Belle 
lale, Cote Blanche, 
and Cote Carline. 
(See fig. 4.) On Avery 
Island (Petite Anse) 
and Woeks Island 
(Grande Cote) rock 
salt is being mined on 
an extensive scale. 

Other locaUties in 
southern Louisiana 
where the geologic 
conditions are simi- 
lar to those on the 
Five Islands and 
where rock salt or 
saltwater, indicating 
the possible presence 
of rock salt, has been 
found in deep drill- 
ings are Anse-la- 




FnuEi 4.— Map ofa port of th« coast of southern Lonlsiaiia, tiuming 

location o( salt islands. 



Butte, Prairie Mamou, Welsh, Chicot, Vinton, and Hackbeny. 



Belle Isle, the southeastemmost of the Five or Salt Islands, is 8 
miles from the mouth of Atchafalaya River and is reached by boat 
from Morgan City on the Southern Pacific Railroad. It is surrounded 



> Veatch, A. (\, Tbo saUiMS ol north Lwilsiana; A report on the geology ol Louisiana, p.90y LouisiaBa 
Szper.8ta.,1902. 
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by a network of bayous and sea maislies. The island is roughly 
triangular and includes about 360 acree. Along its northwest side 
is a range of hills, the highest of which reaches an altitude of 80 
feet. 

After the discovery of rock salt in a well on Cote Carline and because 
of the increasing difficulty of mining salt at Petite Anse, due to seep- 
age, A. F. Lucas undertook the exploitation of Belle Isle for salt, 
which he discovered in December, 1896, in well No. 1, at a depth ci 
373 feet.^ A short time later a shaft was started on the site of hole 
No. 11, in which salt was found at a depth of 103 fbet. 

Fairly complete ideas of the substructure of the island may \a 
gained from the records of tho weUs drilled on it, of which eight have 
been plotted by Veatch.* These records lead to the belief that the 
salt on Belle Isle exists in the form of an oblong, dome-shaped mass, 
longest in a nortlieast direction, and consequently having the same 
trend as the hills along the western side of the island, but "with the 
difference that tho salt dome is located in its northeastern part. The 
record of the beds passed through in sinking the shaft, which may be 
taken as typical of those on the island, is given below. The original 
tiguro^ are quoted in spite of the discrepancies which they show. 

Log ofiJiaftf BtUe JaUt Lafl 
(BtoTation above w\ Isrel, 7 feet.) 



Ibterfel. 



Clay 

Sand, hard 

Clay, blue 

Clay, blue, and sand 

Clay, hard, and gravel 

Clay, blue, with barite, giUciti, sphalerite, pyrito, and chalcopyrito in crystalline 

misws.from tho siio of u mnrnle to tho sizo of a man's head 

Clay, blue, and shells 

Bock, impure black limostcno and barite 

Clay, blue, with massos of btu :to near the biise 

Clay, dark-cctlored, with L'\rgo s;Jt crystals 

Clay, dark-colored, with oil 

Salt, with dark-colorod clay 

Salt, disrolortHl 

Limestuuo, white 

8alt» dirty, beooiming white 




27 



J! 



6 
14 
1 

25 
3") 



12 



68 
95 

103 
116 
117 
11'2 
162 
103 
175 



o Veatch, A. C, op. cit., p. 223. 
NcTE.— Thii was the depth of the shaft May 19, 1809. 



Ten other wells that wore sunk on the island subsequent to the 
investigations of Vc utch have furnished most valuable data as to the 
substnicture of the undoi lyiiig salt mass and have modified in some 
particulars the ideas previously held regarding its shape. ' The record 
of one of these wells is as follows: 



1 Veatdi, A. C, Tbe Tlve Ldaiids: A preliminary report on the eeolQEy of Louisian.1, p. 222, Louisiaiia 
Exper. Sta.. im 
>I<]«m,pl. 22. 
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Lng of well iVb. /, BdU hU^ Lafl 
(Natiiro of samples at depths indicated.) 



Material. 



Yellow loamy day 

Fiiic fMv\ 

Coarse saiul 

Coarse an^ilar gravel 

Coarse unsular gravel with M^ar 

Band, with solphur 

8and, aulpburoua, uritli traces of oil 

Ftoe gray sand 

Brown sand 

Sand C5ho'.viiig g;»s) 

Kail and sand 

Bait, sand, and clay. 

Quicksand, throuKh seMBd belt of Mlt.. 

»vnd and hanl clay 

Hard clav (showini: vs; 

Gray sand, wit h pjTites, iiard 

Fine gray sand 

Bait and hard clay 

Hard gray sliak' 

Uard gray shale, sulphur 

Band and cluy, stuMni>goa«adcM 

Hard gray clay 

HftTd oromii'h-Kray clav 

Brown oil sand '^ii\od w ith ;-aIt 

Dark clay . 



Hard black clay and limestone. 

Gray clay and san<l , 

Hard pray clay and frravcl 

Dark hard clay and sand. 



Dark hard clay and sand; casing Mt at l,O06i Iceland baled, brin](fa|g up iaige hard chunks of 
eaU ar>-ous ^ray shale and ImpUTa Girystftlilne gypsom 



Brine, oil, sand, salt, etc 

Olive and bru-v nish clay shall-, smid, and salt 

Ciray hard sandy i lay (oil showim:) 

Fine brown sandy loam (good oil showing) , 

Hard dark flaking clay 

I laril gray sandy elay 

1- inr comnact sandy shal,'-, salt v to ta ic. hard shell, big pressure of gas, and pood shoving of 

oil ■ ." 

Bro'.vn SiUid n:id -iait 

D&rk haid ( l i v and salt 

f?alt aiui (iiic s.md 

Hard « lav, suit, and sulphur 

Kino brown sjind (oil) 

i>ark tirii' .salid (dil) 

1 nrk line sand ( nil) 

1 L,rk h do (drili..! with cable tools) 

Dark hard clay and sand 

Hard clay and oil sand 

Brown sand and hard clay 

Brown sand and hanl clay 

Light-drab sandy clay 



Ugtgni^ sandy day (flue slmwinK of oil on the return). 



Iday and sand (iH>;^t oil showing yet) 

HMidlWit<drab to dark clay sandstone 

HferA diritcray shale 

Fhie drab loamr Mod 

Solt 



Ftet. 



84 
8B 
900 

m 

956 



m 
m 
m 

8 

m 



1,010 

l.()22 
1 , WJ 
1,040 
1,008 

1 . iw.s 

l.UMi 

1 . 

1,106 
1,110 

Mao 
i,uo 

1,100 
1.170 
l.iso 
1.202 
I,20A 
1,212 
1,220 
\,2Mi 
1,232 
1,237 
1,240 
1,253 
1,818 
1,368 
1,385 
1.310 
1.430 
1.445 
1,478 
1,545-2,450 



a Harris, Q. D., Rock salt: Louisiana OeoL Siinrey Bull. 7, pp. 22-23, 19Q8. 

The great depth to the salt mass in this well should he noted. 
H&e domelike shape of the salt, mass explains the ^eat differences 
in the depths at which the salt was encountered. 

In 1907 the salt mass at Belle Isle was pierced by I. K. Knapp, 
who found that the salt had a thickness of 2,740 feet at the point 
where the drilling was done.' 



* lAMS, X. ¥., Rock salt in Louisiana: 

Am. Imt. Mn. Eng. Btill.90^ p. 1881^ 1914. 



I, new ser., vol. 35, p. 962, 1912; The origin of petro- 
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GOTB BLANCSB. 

Cote Blanche occupies the geographic center between the two ex- 
tremes of the Five Islands, Cote Carline on the northwest and Belle 
Isle on the southeast. It lies near the center of the north shore of 
Cote Blanche Bay, in T. 15 S., R. 5 E. It is approximately circular 
and it ranks third in size among the islands, having an area of 1,400 
acres. 

After the discovery of salt at Petite Ai^ in 1862, nmnerous shal- 
low pits were sunk on Cote Blanche in the search for salt. Thoi^h 
these threw some Ught on the surface geology, the main sooroes of 
information with reference to the nndergroimd geology axe the eroded 
sea cliffs on the sonth side of the island and the eight well sections 
plotted by Harris.^ None of these borings reached a depth of 500 
feet and none reached the salt mass, but possibly they were not 
located where the salt mass lies nearest the surface. It is possible, 
as Harris states, that the apex of the salt dome may now lie out at 
sea, for the waves are rapidly undermining the sea cliffs along the 
south shore of the island, which consequently has been rapidly re- 
ceding for some time. Harris concludes his description of this island 
with the remark: "That the uplift or form of the island is due to 
salt and its attendant materials and phenomena, as in the other salt 
islands, we do not for a moment doubt.'' No salt has yet been dis- 
covered on Cote Blanche. 

COTE CABUNB. 

Cote CarUne is kiiow-n by various names, but perhaps best as 
Jcffei-soa Iblaiid; from the fact that for several years it was the 
Wiiiii t" home of the famous actor, Joseph Jefferson. It is the nortli- 
westoriiniost of the Five Islands and is near thf iiiu' between Ver- 
milion aiid Iberia parishes, in the southwestern part of T. 12 S., 
R. 5 K. It is about 9 miles west of New Iberia and but a short dis- 
tune o from the Abbeville branch of the Southern Pacific Railroad. 
Its area is approximately 300 acres. Cote Carhne rises out of a 
prairie, except on its northwestern side, where tliere is a body of 
water known as Lake Peigneur. The praiiie lands surrounding the 
rest of the island are given up to the cultivation of rice. 

Salt was discovered on the island eariy in the summer of 1895 at 
a depth of 334 feet. The same hole was drilled by A. F. Lucas to 
a depth of 2,090 feet and the diiU was in salt when the work ceased.' 
The section of the well is as foHows: 

1 Harris, a. n., op. dt.« pi. 28. 

tveateh, A. c, The Five Islands; A pretiminaty report on the geoiojjy of Lonlsfauie, p. 2SS, LouUaiM 
Exper. -Sta., Lucas, A. F., Rock s;ili in r^ouisiaaa: Am. Inst. NHu. "u^. Traas., vol. 29, p. 4tk'">, 

190O. Luoas's itftteoieiit diners aligbtly Irotn the one la the te.xt. Lucas states that ho took charge of 
tbelMiring which multed, in 18B6, in the diaooveqr »t » depth o{ am ioet of s nugnUloeat bed of rode s*I t. 
This di^oiviry w:i> f )!! i.vr.i by sysi iMivii ic exptorations deter agoing a looe within which rook aalt was 
enoountcred at 90 to 3&0 loet iiota ihi surla(». 
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iSMon of will No. t. Cote CarUne, Lafl 




Unknown 

Clr-.ivel, ronrsc. :uul sand 

liocksait, wtiile, without DO(ioeabteUnpuritiea. 



•V«ateli, A. C, op. olt.p p. 256. 

Eight holes in all were drilled to deteimiiie the eontours of the 
underlying salt mass, four of whieh sueeeeded in reacliing it. The 
records indicate that there is a surface layer of clay from 3o to 110 
feet thick, below which are irregular layers of sand and gravel and 
locally layers of blue clay. In one well a layer of lignite was 
encountered. The salt comes nearest the surface in hole No. 8, ia 
which the following section was measured: 

Section of toell No, 8^ CoU CaarliMt Lafl 



liRterial. 




Depth. 



Clay 

Sand and clav 

Kock salt, uot passed tbioogh. 



Fitt. 

n 

21 



Fut. 



33 
91 

m 



• Vwtoh, A. C, op. dt., pw 2S6. 

The arrangement of the beds of the island are shown in well No. 7, 
w^here drilling wjis carried to a depth of 442 feet without finding 
salt. Tiie sectioD. of this well is as follows: 

Section of weU No, 7, Cote Carliner Lafl 



Cliw 

Sand 

Sand and clay, blue 

Sand 

Sand and gravel.... 

Gravel, coarse 

Sand and gravel.... 
Clay, blue* * 



Depth. 




■ Veatch. A. C, qp. oil., p. 256. 



probably not very he from this polat." 



AN8£-LA.-BUrrE. 



Anse-la^Butte is about 5 or 6 miles northeast of Lafayette and 
1 mile east of Bayou Vernulion in St. Martin Parish. Sereial 
wells diilled in this locality struck salt. On the southern border of 
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the swamp a drill hole ontorcd salt at a depth of 225 feet and con- 
tinued in it until driUing was discontinued at a depth of 1,530 feet. 
In a well on the northwest side of the swamp, Fenneman ^ gives the 
known salt mass as extending from 220 feet to the bottom of the well 
at a depth of 1 ,803 feet. In one of the first wells sunk on top of the 
high mound north of the swamp salt is reported as extending from 
deptlis of 391 to 570 foet and from 578 to 790 feet, an approximate 
total of 40U f(MH of salt. Salt was encountered in still another well 
north of the swatap. 

Harris'^ interpretation of tho facts ok-^orvod at An.se-la-Butt<^ and 
those obtained from the deep drillings is that thi^ salt forms a central 
core and the beds of sand, gravel, and clay are bent upward around 
it at angles of 45** or more. All the dips have been iiitx^qireted by 
th(» drillers as being away from the (xvuter of the field or swamp. In 
his descriptions of this occurrence Harris ulso gives an account of the 
origin of the small outlying masses of salt near many of the main 
salt domes of southern Louisiana and Texas. 

PRAIBIE MAMOV. 

Prairie Mamou (Jennings oil held) is about a mile west of the 
center of T. 9 S., K. 2 W., in Acadia Parish, about G miles northeast 
of Jennings. Though a rock salt core has not bet u found at this 
place, according to Harris,^ this locality is simUar to Anse-la-Butte, 
except that the salt mass has not been laterally con'^eutratod and 
therefore occupies a broader aroa,in consequence of which the dome 
lies much deeper than it would unch-r other < o]iditioiis. The abun- 
dance of salt water obtained at this place pomts to the presence of 
a near-by mass of rock salt. 

WBL8H. 

The occurrence at Welsh is about 4 miles west and a little north 
of Welsh station, on the Southern Pacific Railroad, in sees. 21 and 22, 
T. 9 S., R. 5 W.) in Calcasieu Parish. No rock salt has thus far been 
found in this locality, but the abundance of salt water is evidence 
that it exists in the region. 

CHICOT. 

Chicot is between Oakdale and Yille Platte, 8 miles southwest of 
Bajou Chicot post office, in sec 35, T. 3 S., R. 1 W., in St. Landry 
Parish. Thus far no salt has been discovered, but the antidinal or 
dome structure and the occurrence of limestone here are points of 
strong resemblance to other localities where salt has been found. 

) Tenncman, N. M., Oil fields of the Texas- Louisiana OuU Coastal Plaia: U. S. Geol. Survey BuU. 282, 

p. 109, 190ft. 

< Banifl, Q. D., vp. m., p. M. 
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VINTON. 

Tho Yiiitoii dome is locatod in sees. 33 and 34, T. 10 S., R. J 2 W., 
and in sec^,. 4 nud 5, T. 11 S.. K. V2 W., approxinuitely 3 miles soiith- 
wes! of Yiiiton .station on the S iutlicni Pjiciiic Railroad, in Ciil- 
casitMi Pnriish. No salt is known to occur here, but brine is found in 
small quantity. 

HACKBEHUT. 

Published descriptions ' indi< aic that a feature which may possibly 
be a low, broad dome, with less definite domal characteristics than 
the one at Vinton, Ues about 33 miles southwest of Lake Charles, on 
the south bank of Black Bayou, between Black Lake and Calcasieu 
Lake. The so-called island is known as Hackberry Island. Salt 
water has been reported here. 

STSATIO&APRT. 

The appellation ' island" has boon applied in southern Louisiana 
to small domes that rise out of marches wiiich are sometimes dry and 
sometimes Hooded with water. The j^eolog}" of tliesc islands has been 
described in detail by Lucas, Harris, Veatch,- and others. Accord- 
ing to Lucas,* " The geological formation of this series of islands Is 
undoubtedly Quaternary, while the salt deposits belong to tlie Ter- 
tiary and are supposed to rest on the Cretaceous."' Harris,^ m iiis 
discussion of the geology of Petite ..lUise (Aveiy Tsland), states that 
all the exposed beds are of Quaternary age. That the true nature 
of the structural features of these salt domes was understood by 
Lucjis seems apparent from his descrij^tions and his dlustnitions. 
The explanation of the mod© of formation of these domes is anoiiier 
matter, about which there arc many conflicting opinions. The cor- 
rectness of Lucas's ideas with reference not oidy to the occurrence of 
salt ])ut also to the occurrence of oil was demonstrated in a signal 
manner after his opiiuon had been published. 

STsircTiTBS Airs OBian ov salt domss. 

The general dip of the rocks of Louisiana is southeast, or at right 
angles to the general strike of the Tertiary and Cretaceous formations 
of Texas, Arkansas, and Louisiana. L"p Sabine and Kod rivers the 
ascent is made over the beveled edges of increasingly older geologic 
strata. Near the surface of these formations, at the localities just 

' Fenneman, N. M., Oil flpld.-? of the Te.xas-Loiiisiana GuU CoostAl Plain: U. S. Geol. Survey Bull. 2R2, 
pp. Ul-n2, 1906. Hayes, C. W., and Kennedy, W., Oil fields of the Texas-Louisiana Gulf C<»<5tal Plain: 
V. S. Geol. Survey Bull. 212, pp. 131 133, 1903. 

> Luo«s, A. F., Rook aalt in I.<ouisiana: Am. Inst. Min. £ng. Trans., vol. 29, pp. 4d2-474« 1903. Harm 
G. D., Rock salt: Lom^sna G«d. Storrey BuU. 7, 1606. Vwtcb, A. C. The Five Islaadft: A pnHminvy 
report on the gcolc^y of Louislaua, pp. 209-262, Loulsiaiia Exp«r. fita., 1S09. 

* Lucas, A. F., op. cit. p. 463. 

< Banit, Q. I>., op. cit., p. U, 



Digitized by Google 



110 



SALT BE80UB0BS OF THE UNITED 8TATB& 



given and at othors in Texas, there arc large masses of gypsum, salt, 
and sulphur, either alone or* associated with ono another and. in 
places with salt v> ator, oil, and gas. These chemical sediments, 
gypsum, salt, ' ilphur, were early recognized as being forei^ 
to the regularly bedded sedimentary clays, sands, and gravels wliich 
thej accompanied. They are associated with what has been called 
dome structure s or domes, and interest in their study has been quicks 
enod and drilling on them been pushed with vigor smco the discovery 
of oil associated witli them, by A, F. Lucas, at Spindle Top, Tex., in 
January, 1901. They have been studied by Fenneman, Harras, 
Hayes, Kennedy, Lucas, Veatch, and other geologists, and theiireia- 
tionB to one another and to the Baloones fault zone of Texas hstt 
been pointed out. Tho dome stmeture Is onl iroly diff^ent from that 
of the ordinary Appalachian anticlines. The domes are believed by 
' some to have been formed by gas pressure from below; by others 
they are attnbut(^d to hydrostatic pressure; and by others toisoBtatic 
movements. Still othors regard them as of volcanic origin, one such 
hypothesis being the volcanic-plug hypothesis of Hager.* 

In discussing the dome structure of the Winnfield area of Louisiana,' 
in which there are three well-defined areas that suggest the presence 
of dome structure, Harris has mentioned an interesting theory of 
their origin, which, with other theories that preceded it, is ampiified 
in his report for 1907.* Listead of attributing the pressure necessaiy 
for the uplifting of these remarkable circular domes with thmr 
quaquaversal dips to gas, oil, water, or any combination of them 
under a heavy l^ad, or to an igneous plug, Harris regards the power 
of growing crystals as the agent responsible for their formation. All 
^oolc^ts who have studied the phenomena in Louisiana and Texts 
liiaye independently concluded that the salt masses are secondixy, 
and all perhaps will admit that water has been the dissolving and 
transporting agent. Accepting those fundamental facts, Harris 
regards precipitation of the salt from the rising brines as being duo 
to decrease in temperature and believes that the "unlifting force is 
amply accounted for by the power of growing crystals.^' He adduces 
thefoUowingpointsinsupport of this hypothesis: (1) llie concentric 
figures and streaks, very faint in places, that may be due to infiltrating 
waters carrying impurities; (2) the planes of cleavage explicable as 
having been formed by great pressure normal to their surfaces; 
(3) the poorly formed and crushed salt crystals at considerable depth 
and conversely the perfect crystals found near the surface, as at 
Avery Island and BeUe Isle; and (4) the extreme parity of tibe salt in 

» H&ger, Lee, The mounds ol the southern oil fields: Eng. and Min. Jour., vol. 78, pp. 137-180, 19W. 

* Bmbt O. D., Notas en 1Sb» BMHogjr of (to WImdMd dnet; Locdsitfia Q«oI. Barnj Btdl. S, vp.i4, 

mi. 

* Harris, G. D., Rock salt: Louisiana Oeol. Survey Bull. 7, pp. 1908; also, The geological oem- 
nnoe ofnwkaaltin hoaMms Xooa. Oeolfigjr, voL 4, pp. U-34» Uttt. 
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the XBines wbiere it is now being worked at conBidorable depths. 
jywang the slow growth of the domes by this prooeas surface erosion 
-would probably prevent the formation of any sharp and elevated hill 
thai would largely increase the pressure at the base of the salt col- 
umn; indeedy some of the older domes to the north are topo^nphically 
plane or even concave. For further details regarding the relations of 
temperature and pressure to the deposition of the salt in these dome- 
shaped masses the reader is rQlerred to Harris's report.^ 

Jn order to understand the arrangement of the domes and the 
iletailed structure connected with them some ol the broader geologic 
facts eoadceming the region as a whole must be comprdiended. Tb» 
region in which they occur is known as the Mississippi embaymeati 
which is structurally a great pitching trou^. East of Missiasippi 
Biver the dips are to the southwest and west of that river the dtps 
are to the sontheast and <m both sides they are much sharper than 
the slope of the land toward the Gulf. Thus, Tertiary and Creta- 
ceous beds which are exposed in the northern part of Louisiana are 
deeply buried in the southern part of the State. It is believed that 
strata impregnated with salt lie beneath this pitching trough. Ab 
deposits accumulated in this oil trough slips or faulting occurred 
because of differential loading, and most of them probably are related 
to the V-shaped area called the Mississippi embayment. There would 
be expected to result from this faulting a twofold system of faults or 
antichnal ridges. The dcnnes of the Gulf Coast States are beheved 
to be located along these lines of weakness. Where such faults or 
structural lines of weakness intersect hot saline waters from great 
dQ|>ths could move upward to higher and cooler horizons more 
ea^y and more quickly than at othw points along such structural 
lines. At snch places the older beds and the newer ones immediately 
overlying them would tend to buckle upward in fourfold or quaqua- 
versal arrangement and to form the most pronounced dome structure. 
Finally, it is thought that the Mesozoic and Paleozoic beds may not 
be buried very deeply in places in Louisiana and Texas; that the 
salt now found in Tertiary and Quaternary beds may have originated 
in these older beds, probably of early Mesozoic or later Paleozoic age; 
and that the local salt masses may now be increasing in size and 
causing the doming of superficial layers.' 

In an effort to harmonize the field evidence presented by the 
salines of Louisiana and eastern Texas, E. G. Norton* has formu- 
lated a hypothesis that is probably the latest attempt at an explana- 
tion of the origin of these salt deposits. 

1 Rook salt: Louisiana Qeol. Survey Bull. 7, pp. 75-70, 1908; alsoCowies, A. H., MJn. and Metoll. Soo. 
Amutm Bull. 67, vol. 0, p. 44, 1918: also Bootn. Oeologj, vol. 4, pp. mO. 

" Harris, G. D., op. cit., ]ii>- T5 71). 

» Am. Inst. Win. Eng. Bull. 97, pp. 93-102, 1915. 
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Briefly, he cousidera that the Tertiary salt deposita of the Gulf 
eo88t and the Cretaceoua salines of eastern Texas and northern 
Louisiana wore initiated by the intrusion of niolten rocks into the 
underlying Paleozoic sediments along lines of sti-uctural weakaess. 
These great faults were the sites of frequent upward displacements 
during the subsidence and deposition of the sands, clays, and littoral 
marine sediments of the Mississippi Embayment. 

Hot ascoiuling solutions, containing calcium and magiiosium car- 
bonates, sodium cliloride, carbon dioxido, and varying amount-s of 
hydrogon sulphide, minglcnl witli tlic artesian saline watcr^ of the 
Cretaceous beds. Tlieso \vatei-s were forced upward to the surfaC/O by 
the liydrodtatic head of the region through channels tliat were opened 
by the faidting and movement which took place above the Lntnisions 
of igneous rock. Great deposits of travertine or calcareous sinter 
were formed near the thermal springs which issued from these open- 
ings, aiul the sinter continued to form as long as the hydrostatic head 
was suflicient to maintain tlie flow. 

The salt W£« deposited by ascending solutions, whieli beeame super- 
saturated bv the release of pressure as well as l)y eva j)! u jii ion sus- 
tained at ilie surface as the rapid aecumulation of siaier ciiecked 
the flow from springs. In this way the salt deposits v.'ere budt up 
contemporaiieoHsly with the sedimentation of the rt gioii a:id formed 
under covers ul sinter as they are found to-<iay. These covers pro- 
tected them from erosion, so that they have been preserved in their 
entirety. 

BAJuT-PBODUCmO LOCALITIES. 

Only rock salt is now produced in Louisiana. It is mined on 
Grande Cote (Weeks Island) and Petite Anse (Avery Island). (See 
fig. 4, p. lua.) 

OBAHDE COTS. 
IiOGATION. 

Grande Cote, or Weeks Island, is located on the ra.steni shore of 
Weeks Bay, an eastern lobe of Vermilion Bay, in Iberia Parish. It 
can bo reached over the CN'-premort branch of the Southern Pacific 
Railroad, which runs west from Baldwin. Its position in the State 
is shown on the map (fig. 4, p. 103). It is called Grande Cote on 
account of its size, though it is barely 2 miles hi diameter. It is 
the largest of the five islantU described by Veatch.' Tho topography 
and culture are shown hi figure 5. 

1 Veatdi, A. op. dt., n». SOe 9t fleq. 
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Tho most striking feature uf the geoI(3^y of Weeks Island is tlio 
great ma.«s of rock salt which has formed or is forming hciicaLh iho 
iliiii supeihciul beds of uiicousoUdatcd sands, days, and ^^ravcls. The 
topography is not rugged, and there are few good outcrops of the 
overlying mat-erials. Those that arc nuiilr^ where the streams cut 
down the soft, yielding materials are soon covered by pink, rapidly 




FiGUKE 5.— Topographic Sketch map of Grande Cote (Weeks Island), I*. (After A. C. Veatch.) 



growmg vegotation. The uppermost bed oji the island is yellow 
loamy clay, which is visible in a few of the natural exposures. 

Tho records of 44 wells driven in different parts of tho island also 
begin in clay ranging in thickness from 40 to 60 feet. Below the 
clays are sands, ferruginous m places, sand containing chert pebbles, 
and gray sandy clays — all tilted at different angles and striking in 
different directions. Sections of wells driven on the island show 
layers of gravel and sand several hundred feet thick in pla f The 
salt is generally, though not everfwhere, overlain by a few feet of 
40104"— JS— Bull. 669 8 
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clay, but layers of ligiiito have been found just above tho salt in 
some of the weUs. 

Tho salt mass of tho island comos nearest the surface at the mine, 
slopes abruptly to the south and west, less abniptly to the east, and 
but shghtly to tho north. Its form is that of an elongated dome 
with its northern diameter longer than the other. It occupies tho 
west side of the island and appears to be a little west of the main 




FiouBK 6.— Topographic sketch map of Avery Island (Petite Anse), La. (After A. C. Vcatch.) 



ridge. The upper surface of the salt mass is known to be quite 
irregular, and the bormgs already made indicate little relation be- 
tween it and the surface irregularities of the island. Tho pi-esont 
general shape of the salt mass is regarded by Harris * as nearl}* its 
origuial shape, and ho thus tlibiks that its main configuration is not 
due to erosion or subterranean solution. Tlie character of the strata 

> Harris, O. D., Rock salt: Louisiana C.«oL Survey Bull. 7, pp. 1908. 
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B. 

MYLES SALT MINE, WEEKS ISLAND. LA. 

A. Almottt porpendioilar strata or bands of salt lying in closHy compressed folds. B, View in 
ialerior ofmiue, showing process of working. Photographs by A. C. Veatch. 
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in the Myles salt niiiic on Weeks Island and the method o£ .woiking 
the mine are shown in Plate XI. 

PZTXTE ANS£. 
LOCAnOK. 

Fi tite .iii.50 or Avoiy i-.laii(l i-. in Iberia r;ui^-li, about 10 miles 
soiitli-southwcst of New Ibena, in T. 13 S., Rs. 5 and G E., of the 
Louisiana primo mcridiau. (Seo iig. 6.) 

Vcatch and otbcrs have described the t^ooiof^- of Petite ^Vnsc in 
considerable detail.* According to liarns,= tke details given in the 
earlier descriptions **are of no serious moment in the interpretation 
of the gcolog\' of this and the oilier salt islands. Ail l)eds hero seen 
are uduiitiedly of Quatoniary age, none containing anything that 
can not be referred to inter or post glacial times." 

A brownish-yeUow loamy soil forms the greater part of the sur- 
face, but exposures of gravel are commoner than on the other islands. 
The exposures of gravel iind tand seem to be conlined chiefly to the 
southern extremity of the island. In its northern part there arc 
numerous outcrops of a variegated chocolate-yeUow or green jointed 
clay. A l?ed of lignite was found at the head of Iron Mine Run Hol- 
low, and remains of Pleistocene mammals (according to Veatch) 
have been foimd. 

The records of two wells which throw some light on the underground 
conditions of the island are i^iven below: 



Section ofitell near tugar konse^ Pelile Anse^ La. 



Uatnlal. 


Thick- 
nese. 






Aft. 

no 

70 
66 


Feet. 

830 
2,568 
3.663 
3,726 










SwtioH of well at pumping station^ PetiU Ame^ La. 


* 

Material. 


Thick- 
lien. 


Depth. 




FeH. 
5(10 

aoo 

3,113 


Fer(. 

m 
m 

3.613 









Note.— A gravel bed at about 1,300 (eot. No salt or water struck in the woU. 



1 Veatdi, A. C.» op. dt.. pp. 343-316. i Harcii, 0. 1>., op. dt., pp. 14-17. 
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The u]^per siirfaco of tho salt mass is irregular, as on Weeks T>?laricl, 
and in a few placos it rises sliglitly above sea level. It is therefore 
higher than at any place on Grande Coto or at any other point in 
the State. The rise of tho salt mass toward tlie surface is confirmed 
l)y tho existonco here of brine springs, well known long l)eforo rock 
salt was acfiially discovered. Streaks of transparent anliydrite crys- 
tals occur lioro, as on Grand Coto, and tho apparent darkness of tho 
layci's containing them is considered hy Harris to bo due to the dif- 
ferenco in the way it and the purer salt admit, absorb, and refract 
light rays. 
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TEXAS, 

LOCATION OF 8ALT-FAODUCINO AKEAS. 

Salt in Texas in recent year.s ha.s come chiefly from Palestine, 
Aodeison County, and Grand Saline, Van Zaiidt County, in the 
eastern part of the State. Colorado, Mitchell County, in the western 
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part (>f the State, formerly produced salt, but only solar salt now 
comas from this place. Some solar salt comes from Crane County 
also. The industry is of large commercial importance and consists 
chiefly in tlie manufacture of evaporated salt; l)ut the salt formed 
luit.urally })y solar evaporation in the plnyas of the western aud tho 
lagoons of the southwestern parts of the State is used locally. 

fiAl.T BOMBS OF EASTEBN TEXAS. 
X.OCATIOV. 

Sock salt has been encountered at the following localities in south- 
eastern Texas, all within the area mapped as Pleistocene and Recent 
by Deussen:' Spindletop, Jefferson County; Sour Lake, Hardin 
County; High Island, Gaiyeston County; Damon Mound, Brazoria 
County; and Dayton Hill, Liberty County, and there has been a 
single mention of salt in drilling at Batson, Hardin County,^ where, 
according to an observation of the drillers, 12 feet of salt was encoun- 
tered in a well northeast of the center of the Batson field at a depth 
of 1,007 feet or 130 feet above the oil rock. In the absence of other 
mention of salt in this field the observation can not be finally accepted. 
According to Harris^ streaks of salt have lioeu found at Risers Hill, 
Brazoria Comity. Though no rock salt lias })cen found, salt Avater in 
abundance has been encountered in drilling for oil and gas at Sara- 
toga, Hardin County; Big Hill, JefF(rson Count}'; aTvd Humble, 
Harris County. Saratoga, Bis: l^i^lj and Hiunble are all mapped by 
Deussen as in the Pleistocene area. 

aSOLOGT. 

Along or near the Gulf coast of Texas and at other places in the 
eastern part of the State occur domes or dome structures like those 
in Louisiana. (vSee pp. 109-112.) The general geologic conditions 
described under Louisiana extend westward into Texas, and the 
correct theory of the origin of the domes or mounds in Louisiana 
will probably be found to hold good in Texas, not only for the 
mounds themselyes, but also for the economic mineral products 
occurring in them, namely, salt, oil, gas, gypsum, and sulphur. 

At none of the localities mentioned has salt ever been mined, and 
so far as known no serious atfempfs liavo been made to obtain it by 
evaporation of the natural ]>rines. Efforts have been confined solely'- 
to exploitation for gas and oil, aud some of them have hoAm richly 
rewarded. The work done has, however, added a fund of informa- 

^Dmmm, Alexondctf. V. 8. G«o). Survey Water-Sup]>ly Paper m, pi. 1, 1914. See aim Fennenuui, 
N. M., OU Odds of (lie I cxas-LooIstana Gulf CoostBl Plain: U. S. GeoL Siirr^ Bull. 282, pi. 1, 1«». 
3 Fenncman, N. M., op. cit, p. 53. 

'Bacris, G. D., Rook saU: Looisiaiui G«oI. Survey BoU. 7, p. 47, 1908. 
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tion to our knowledge of the underground formatioTis and structure 
of the Gulf coast domes without which it would have been difficult if 
at all possible to construct any weU-^ubstantiated tlMK>rv as to their 
origin. 

The time may come when the salt deposits may be of value. 
Already the sulphur deposits at Bryan Heights, Brnzoria C'ounty, 
Tex., nro being worked in the same manner as those at Sulphur City, 
Calcasieu Parish, La. 

SALINES OF E-VSTERX TEXAS. 

The principal salines so far described in eastern Texas are Grand 
Saline, Van Zandt County; Palestine, Anderson. Cotmty; Steen 
Saline and Brooks Saline^ Smith County; and a saline 2 miles east of 
Butler, Freestone County. 

OXOLOOT. 

Nearly ull the saline,-, are low, ilat aicius tiuit txN upy dojuessions 
where biino lias been obtained bv sinkinsr shallow v.ells and wlicre 
an industn,' in evai)orato(l salt has grown up. Tliey are surroiiiideu 
by v.ooded hills in wliicb white or gray bmostone is foiuid. The 
depressions are usually marshy and may hold water during the 
^\^ntc^. As summer approaches, the water evaporates, leaving an 
incrustation of salt. The limestones are in some places sihceous and 
in others glauconitic. They appear fi-om their fossils to be the equiva- 
lent of the Ripley formation (late upper Cretaceous) of Alabama and 
Mississippi. The underlying claj-s belong to the Taylor marl, also 
upper (Cetaceous. Surrounding these salines on every side are strata 
of Tertiaty age, and the salities tiiemaelTes are therefore in the nature 
of Cretaceous inlieis in the rodcs of that system. 

These salines, like those in northern Louisiana, do not form topo- 
graphic features lijce mounds or islands, but their origin is regarded 
as being the same as that of the domes in Louisiana and also farther 
south in Texas. 

eajom SALnrc. 

Grand Saline iff in northeastern Texas, in Van Zandt County, on 
the main line of the Texas & Parifie Kailway running cast from Dallas. 
The Texas Short Line Railway nl^o enter.^ the town. 

The saline itself is a small praine-like sandy ])lain, in whieh the 
sand is strongly impre^inntod with salt. It is about a mile long from 
east to west and about half a mde wide from north to south. From 
the borings made the conclusion is reached that the beds uiulerly- 
ing it are coni])arativrly level, though in this general region the 
strata have been somewhat disturbed. 
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The surficial rocks at tliis place belonpj to the Tertiary, and in the 
wells from which data arc available tiic Cretaceous beds containing 
the rock salt are overlain by approximately 160 to ISO feet of Ter- 
tiary beds. Toward the southwestern part of the saline, beds of 
Quaternary age cover the surface. According to Kennedy ^ the 
Cretaceous rocks found at Grand Saline nowhere, so far as known, 
approach the surface, but are covered with over ISO feet of Tertiary 
sands, clays, and shaly clays, and are only found in ])orin^ of the 
several welLs put down for the purpose of obtaining salt. The 
"I pper series of the Cretaceous formation foun<l in these wells appears 
to be a blue limestone mixed with streaks of sand and gray Hmestone, 
having a thickness of A2 feet in the Lone Star well and 28 feet in the 
Richardson well, a few feet below which the salt deposit of 300 feet 
occurs." 

The sections of the two wells just referred to are given below: 
Log of Lone Star teell, Grand Salint, Van Zandt County, Tex. 



Material. 



Thlck- 
noss. 


Depth. 


FM. 


Feet. 


96 


96 


8 


34 


8 


37 


90 


57 


3 


60 


90 


80 


6 


85 


65 


IW 


U 


164 


« 


170 


4 


174 


42 


m 


14 


930 


6 


985 


190+ 





Bro\rnI.sh-gray sandy clay 

Brown sand , 

flttBd and gravel , 

niek shaly clay 

Lignite 

Bandy shaly clay 

Sand and water 

Bandy clay shale 

Sand and wmter. 

Hard aaadroci! 

Shatoeoatetnlnf pyclteB , 

Bltie MmMtoiw nued wlfli stierta of Band and gnj ttmestone, Imt bine tonoing 

eUef deposit 

HafdwUte sand, wftha "rain tfwtt water, 5 per eent nit 

t, stopped in nit . 



Log of AidbndiMm wdt, Grand SoUnet Van Zandt County, Tex. 



Materia]. 



Sandy clay. 

Gravel unj clay 

Yellow sund anil water 

Fine blue oiay and gruv.-l 

Qiiirk?und, with wnt. r 

C<wrs<> viiiie sand 

Blue-gray luorKing into bluish-black dirt, with pyrite and teoten iime»toue . 

Hard gray limestone , , 

Sandy shaly clay (slate?) 

Blue clay with pfxllB. i 

Shalp? 

Shale with iron pyrite 

Sumly shale with pyrite 

Band-loiie with i)yrite..... 

Hard blue limestouo 

Hard gray lii 
Qiilcksand . 
Altcrnatestr 

Rock suit 

BluLsh-gravsand 

Black nndf with water; not penetrated . 



Thick- 
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Fett. 
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5N 


6 
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1 Kennedy, in^ltbun, Texas Oeot. Stinrey Third Aon. Bept. 1801, pp. 40, 70-81, 1803. 
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Six ^vclls hiivo been drilled at Grand Sabno. 4 at the plants of 
B. W. Carrington & Co. and 2 at tlie ]iluiit of (lie Grand Saline Salt 
Co. At the pre^sent tioic one well is used at each of the two 

phints of the Carriiifj^ton Co. and one well at the plaiii of the Grand 
S;dine Salt Co. The exact tliickness of the rock salt is not known 
in all the wells, but it is known that its development is only local. 
It ))inches out eastwardly a few hundred feet cast of the plant of the 
Grand Saline Salt Co. Not even ])rackish water is obUmicd here at 
as great a depth as feet, whereas in most of the other parts of 
this region brackish water is obtained comparatively near the sur- 
face. West of the town of Grand Saline, where a well was sunk 
about 1,000 feet, salt is not encountered in depth, and from this 
(Urection the town drinkhig water is obtained at rather shallow 
deptks — about 40 feet. Xo salt lias been encountered at any con- 
siderable distance north or south of the town. The salt bed has 
been developed only for a mile, and it is repoi-t^d that only half a 
mile appears favorable for exploitation. 

PALSSTISrS. 

Palestine, the county seat of Anderson County, is in the south- 
central part of the county on the International & Great Northern 
Hallway and on the Texas State Railroad. It u in the eastern part 
of the State and about midway between Red River, the northern 
boundary of the State, and the Gulf coast. 

Palestine is located on a series of glauconitic sandy and clayey 
beds, the sandy beds containing Tertiary (Claiborne) fossils. West 
of the town the land slopes toward Trinity River, and 6 miles south- 
west of tlio town the saline itself is situated. It is a flat plain, I 
niile wide from east to west, and half a mile from north to south.' 
Iiif^rustations of salt may be observed around its edge. Its surface 
iw a dark or lead-colored clay, as at Grand Saline. 

The sahn© is surrouiidod by a ring of hills rising 60 feet or more 
above the lowland. In places on the tops and slopes of the hiDs 
there are outcrops of white chalklike fossiliferoua limestone containing 
specks of glauconito. The limestone is not seen continuously all 
around the saline, but outcrops in many places, particularly on the 
northwestern and eastern sides. It is also seen in outcrops on the 
southern side, but to the southeast the hills are 20 to 30 feet higher 
than oLsewliere and it is quite likely that the limestone is hero con- 
cealed under the overlying clay. The fossils from the limestone have 
been determined by R. T. Hill as belonghig to the glauconitic beds 
of the Upper Cretaceous epoch, possibly representing the time during 
which the Ripley formation was laid down in Alabama. Tlie limo- 

1 numbto reverses this statement. Dambto, E. T.j Tmat Geol. Survey Bept. 1880, vol. 2, p. 306, IWI. 
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-stono contains seams of yellow cr^taUine calcite. It is surrounded 
and ill many places covered by lower Tertiary clay and by river 
aUuvium. 

Sicoii salino is in the northern part of Smith Comity, 5 miles east 
of l^hisdnlo and 14 miles north of Tyler, on Saline CVook, a short dis- 
tni"\cc north of where it forks. The saline proper is a small prairie 
1 or 2 miles in longtli and from half a mile to three-qnartcrs of a 
mile ill width. Thesui'facc of the saline is covered with iiurnstations 
of salt and is « oinposed of black or gi'a^'ish-lilack clays. Lhuestono 
outcrops in the lulls .surrounding it:, and this limestone is overlain and 
surroun(k'd I'V lead-colored and laminated Tertiary clayR. 

Large cjuantities of salt were made at this saline during the Civil 
War hj dig»^iiig shallow wells and evaporat ing the brine thus o])tained 
in liuge iron kettles and boilers. It has been reported that as many 
as twenty fumaces were run at times, turning out 12,000 sacks of 
salt daily. It took 190 gallons of water to make 1 bushel of salt.* 

BBOOBB BALm. 

lirooks salii v' is in the southwestern part of ►Smiili Connty, about 
17 mUes southwest of Tyler. It is about 2% miles long and from a 
half to three-quarters of a mile wide. Its surface consists of bhie and 
black clays, and around its edges is seen a yellow laminated clny. 
Like Steen SaUne it is in a depression suiTounded by hills in which a 
^'■ollow fossiliferons limestone occurs, which, as already indicated, 
probably is of Kipley age (late Upper Cretaceous). During the Civil 
War seven furnaces, making 100 sacks of salt daily, were in opc^ration 
at this saline. It has been astimatcd that 300 gallons of water were 
required to make 1 bushel of salt.^ 

OTIIER OCCURKEXCES OF SALT. 
irO&TKWZSTBBir TBXA8. 

In the search for a source of drinking water at Spur, Dickens 
County, Tex., a well has been recently drilled by S* M. Swenson & 
Sons, of New York, to a total depth of 4,489 feet. 

The presence of much anhydrite and salt in the section led to the 
suggestion by J. A. Udden, of the University of Texas, that the 
deposits might contain potash salts. The well had in the meantime 
been cased below 1,300 feet. A sample was taken after the water 
had been bailed to a depth of 2,200 feet and was examined by S. H. 
Worrell, with the following result: 

> Jiuckley, S. U,, Texas Ueol. and Agr. Survey First Ann. Hepl.« p. I2ii, ^ iUcm, p. 126. 
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AiuUy^U oj uatcT from wU al Spur, Tex» 



Cnini per 



Caldnm sulphate. 
Cftldom chloride. 



1,406.19 
679.02 

210. 20 
3, 410. 55 
324. 14 



Magnesium chloride 



Sfxlium chlorid**. . . 
Potassium chluhde 



6,039.10 



The potaasium cliloride, therefore, amounts to 5 grams per liter 
and constitatos more than 5.4 per cent of the total solids. As this 
quantity of potash salts is somewhat high for a natural water, arrange- 
ments were later made for obtaining samples from different depths 
below the foot of the casing (1,350 feet). Fourteen samples were 
obtained about two months later and were tested for potash salts, 
but only one of them contained any considerable quantity of potash 
salts, and this was a sample taken at the same depth as that which 
by the earlier tests showed a marked content of potassium chloride, 
and the quantity found was only about one-third of that shown by 
the earlier sample. The results, therefore, seem to indicate the prte- 
enee in the well of a potash*bearing layer, bed, or stratum approxi- 
mately 2,200 feet below the surface. 

Udden writes: ^ 

In either direction niHrth m south Spur die formftdons lie pracficatly hori< 
zontal for at least a hundred miles, and the potaah-bearitig horizon, whether it be such 

or not in other places, must be at about thus same depth as hero, in these directious. 

It seems to {\\f^ \TTiter that the general conditions iudi< ated in [the Spur] boriug. (he 
existence of groat saU heth and beds ol anhydrite. f )gf tlier with the proved i>*>iaaii- 
bearing stratum, wartaui au examiualiou for pota&ii iu wuier iioui the same horizon 
in any boring made in this territory. 

The strata in the rogioa dip t<> tlio west; hen^^ tlie deptli to lUis 
horizon will be greater westward and less eastward. 

Tho elevation of the railroad depot at Spnr is 2,274 feet a^Kive sea level. This ia 
t)(iti feet higher than the elevation at Cisco, about 120 miles to the east -sou theasi. A 
line connecting these two points may be taken to follow the direction of the general 
dip of the formations to the west. The bottom of die welt may be taken to represent 
file beds outcropping at Cisco. On this assumption the general dip between CL<?c«> 
and Spur, a distance of 120 miles, \\\\\ l>o equal to the depth of the S{>nr well, leas the 
difference in elevation or the two places. This gives us a dip to the west of nearly ol 
feet per mile. Our inability to fix the precise level iu the Cisco formation reached 
in the boring may make this figure dth^ a little too high or too low. but it can not be 
ht from right. TUdng into consid^tion tibe general east slope of the land suiisce 
which averages 6 feet per mile, any stratum should come nearer the surface at the 
rate of 38 feet per mile eastward fn»m Spur. 

Outcrop oJ potihtli-hxirintj horiton. — Assuuuiig ii<»w that liiLs general dip is constant 
[between Spur au*l ( isco] and tliat the formations are continuous, the horizon which 
yielded potash in the Spur well should outcrop in a fjelt where the land surface inter- 

» Udden, J. A.., The deep boring at, Spur; Texas Voiv. Uull. 2S, Sci. scr., pp. «2^il>, i914. 
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Beels the dipping plaue lying 2,200 feet below the surface at Spur. This belt would 
cxtond through Haskell aud June? counties. It not to l>e expected that potash 
should l>e I' Hind in any outcivi[)piug rock in ihis belt, owing to the surface leaching, 

but Avtdl waltra there should slviw its fornier existence. 

A nunil)cr of samples of wiiter from wolLs near Haskell liavc been 
analyzed and found to contain an unusually largo quantity of nitrate, 
which is not believed to be derived from the surface. 

It is suspected tliat this nitrate exists in the form of a potaasium compound, &a 

saltpeter. Along the llrie of the Kansas City, Mexico & Orient Railroad in these 
counties the potaflh-beariog horizon may be looked for at depths of from 100 to 400 
feet. 

In 'a later pnhlication Uddon * gives the logs of several wells 
drilled in the Panhandle of Texas and in the region to the south in 
western Texas. In nearly all the wells driQed salt in important 
beds was discovered, and in some of the beds significant quantities 
of potash salts were found. The names and locations of the wells 
are as follows: 



Spur well, Ittc^ens County. 

Post city well, Garza County. 
Justiceburg well. Gar/a County, 
Snyder well, Scurry County. 
Sco^ixL well, near west boundary of Kent 

Goanty. 
XTplaikd well, Upton County. 
Buena Vista well, Pecos County. 
Deep well ncHlJiwest of ToyiUi, Roovcs 

County. 



Glenario well, Glenario, Deaf Smith 

County. 

Adrian Oil Sc Gas Co. well, near Adrian, 

Oldham County. 
Adrian To^vllsite Co. well, near Adrian, 

Oldbam County. 
Boden well, Potter County. 
Miller ranch well, Bandall County. 
McLean well. Gray Coimty. 
Four wells in or near Childress, Childress 

County. 

In tho roo;ion of the Pormian beds and to a certain extent in those 
of later beds in northwestern Texas, the constant vcciirrcnco of such 
geographic names as Salt Fork, Salt Creek, atid Salt Bushi indicates 
the widespread distribution of 8Ui)erficial or underground salines. 
In addition to salt lakes and s[)rings, from which salt is obtainable 
by solar evaporation, extensive beds of rock salt occur. Many wells 
in tho Permian areas of Texas yield salt water, some so salty as to 
render them unfit for household or drinking purposes, but they have 
never been utilized, so far as is known, for salt. Small areas in 
central Texas contain brine wells. 

The conditions for the deposition of salt seem to have been 
peculiarly favorable during the Permian. An inclosed sea which 
existed in the epoch that followed the Pennsylvanian is supposed 
to have been very shallow for a long time. Red saline clays several 
foet thick and extending over broad areas in places were deposited 
in it. All the streams that have their origin in these, clays and 
sandy shales are impre<]^ated with salt, many of them to complete 

1 ITddea, J. A., Potash in the Texas Pttrmlsn: Tttxas Unlr. Bnll. 1915, No. IT. 
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saturation. The Salt and Double Mountain forks of Brazos, Big 
Wicldta, and Pease rivers, and Prairie Dog and Salt forks of Red 
Biver originate in or pass through the "Red Beds" of the Triassic 
and Permian and are more or less impregnated with salt, the Sfdt 
forks of Brazos and Red riyers being conspicuous examples. 

WSSTiaV TBXAS. 

SALT BASIN OF TRAMS-PECOS REGION. 

Location, — One of the salt basins of western Texas, known as Salt 
Basin, which has been described by Richardson,* is in tlio trans-Pecos 
region, and the portion studied hes north of the Texas & Pacific Bui- 
way, near Culberson in El Paso Count y, west of the Guadalupe an4 
Delaware mountains and east of the Sierra Diablo. The basio, 
which is one of the prominent debris-filled intermontane valleys of 
this region, trends to the northwest, and its total length is about 
150 miles, the area described by Richardson including 70 miles ol 
this linear extent. The area studied ranges from 8 to 20 miles id 
width and averages 15 miles, and is a typical closod 1)iusin. It is 
covered with unconsolidated Pleistocene "wash" derivinl from (be 
adjacent mountains, and this loose material conceals the relations 
betwo- 1 he Pennsylvanimi rocks of the Sierra Diablo on the west 
and the Permian rocks of the Guadalupe and Delaware mountains 
on the east. 

SaU deposit, — ^The deposit of salt is on the west side of the basin, 
about 15 miles southwest of £lCapltan Peak and a httle more than 50 
miles north of Van Honi. It occupies a shght de]>r(vssion, hems 
one of several "salt lakes" in this part of the basin. The layer f/" 
salt that coTers the surface is said to attain occasionally a thicb^ 
of 4 to 6 inches, but the ranasiiroments made by Richardson sho**^ 
only 1 inch of oonmLercially valuable deposit. The sailt is grayish* 
white, coarsely crystalline to granular, and dehquescent. Wind- 
blown impurities occasionally cover its surface. During the dostj 
dry season the salt becomes impure, but after a rain, and especial^ 
in localities where the surface salt has been recently remorod, 
beautifxd bopper-shaped crystals are formed. Analyses of these salt 
crystals and of a typical specimen of salt from tbe basin are gi^^ 
in the following table: 

• Bichardson, G. B., Suit, gypsum, and petrukum in lrau:»-I'ccos Texas: U. S. Ceol. Sun'cy Foll.^^ 
pp. 573-985, 1905. 
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AnalifUM qf talt/rcm Salt Batint El Pom Countyf Texfi 
IB, H. Worrell, vuSytL) 



CU«Ii>e(Cl).... 
8odina(Na).... 
OdetaniCOB).... 
IteMBtum (Mg) 
SalBlwte radicle 
P«ita0riam(K).. 
8lflca(8iO,) 

AIiiinbw(AM>») 

ItmiFt),^ 

W«tar.» 



HopiHT- Typical 
shape<I sp«'nmcnof 
crystals, salt deposit. 



8».S 

38.0 
.1 
.3 
1.3 



1.0 



fl».0 
38.3 
Tram. 
Trara. 
1.0 
.0 
.« 
.0 



39.6 



a Richardson, O. B., op. dt., pp. SnSSO. 

Tlie groiiiul-wator Icvol lies very near tho surfuco in tlio rofi^ion, and 
t«s{ liolos rapidly fill with wafer. When flie smface layer of salt is 
removed it is replaced hy brine, wiiit h, on evaponii ion, forms a new 
deposit of salt within a few weeks. Tliis plienomenon indicates an 
nndor<^round source of supply, either disseminated salt or a con- 
centrated <Iepn-«it with which the ground waters come into coritact. 
Immense quanrities of tlio salt have boon hauled away for feeding 
stock and for use in meiallurgic operations at Shafier, 150 mile.s 
distant. Gypsum forms the flooi*s of these ''lakes'' and surrounds 
and miites many of them. Borax and potasli salts have also been 
found in some of them. Strontium minerals are as<or i;ited with tho 
g3'psum that surrounds Salt Lake, uud traces of lithiuin mmerals 
have also been uoted. 

OOLOBADO. 

Salt is obtained by eyaporation at Colorado, Mitchell County, in 
the western part of the State. Where the Pennsylvanian and 
Permian beds are developed in this region numerous salt springs and 
wells are found. At Colorado a bed of rock salt was found at a depth 
of S50 feet in drilling for water, and 140 feet of rock salt was passed 
through in the next 250 feet. Tho water in several wells rose within 
about 150 feet of the surface and could not be exliausted by pumping. 
There has been little or no change in tho character of the water since 
the salt compan3' began operations. Hie wells are cased to tho first 
l)ed of rock sa It at 850 feet. Fresh water was found above and below 
the beds of salt. 

OTHBR LOOAUTISS. 

In the northwest and west-central parts of Texas, at Graham, Young 
Count}', for example, salt has been ol>tained from shallow wells. 
The wells at Gordon and other places in Palo Pinto Count}', tho 
flowing well near Waldrij), McCulloch County, and those near San 
Angelo, Tom Green County, yield salty water. 
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^loiig the coast lagoons or salt lakes have yielded and can still 
yield a large yearly production of salt. 
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OKLAHOMA. 

The salt industry in Oklahoma is unimportant and mainly local. 
During the last few years salt has been produced on a smiUl scale 
near Ferguson, Blaine County, in the western part of the State, and 
near Salton and Vinson, Harmon County, m the southwestern part. 

SALT PLAINS. 

LOCATION. 

Salt-water wells and springs are found in both eastern and WMteni 
Oklahoma. In the eastern part of the State the water generaSiy ia 
only slightly salty ; in the western part the water is so saline in places 
that the terms "salt springs" or "salt plains" two in common usage. 

The regions where the sprmgs are located are known generally as 
"salt plains," and according to a recent report of the Geological 
Survey of Oklahoma ten of these are well known, as follows: Two 
along Cimarron River in Woods, Woodward, and Harper counties; 
two in northwestern Harmon County; ot o oach in ^Ufalfa, Blaine, 
and Beckham counties; and three on Sandy Creek, south of £1 
Dorado, Jackson County. (See fig. 7.) A recent pro<;r(^s.q geologic map 
of Oklahoma issued by the State Geological Survey ^ shows surficial 
rocks in these regions as belonging in the Permian. All the salt springs 
of western Oklahoma issue from the **Red Beds," and probably origi- 
nate in them, but they do not all issue from the same geologic horizon. 



L oJcUMNBa Osot. Burvsy BnlL 5, mu 
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Two salt plains, known locally as Big Salt Plain and Little Salt 
nain, stretch along Cimarron River in Woods, Woodward, and Harper 
counties, in northwestern Oklahoma, Both plains are fed by streams 
tliat issue from the Pennian * ^Red Beds " and lie 100 feet or less below 
a lieavy bed of gypsum. Little Salt Plain is just south of the point 
on the E^ansas line where Cimarron Riyer first breaks through the 
gypsum hills. It is 2 or 3 miles long and a mile or more wide. Big 
Salt Plain is 15 or 20 miles farther down the river. Its length is 8 
mOes and its width ranges from half a mile to 2 miles. It lies in a 
broad canyon of Cimarron River, inclosed on both sides by gypsum- 
capped hilb. During the dry season (summer) nearly all the water 
either evaporates or sinks into the sand. Where a small stream is 
left the water running in itis so im- 
pregnated with salt that a crust 

forms on its surface. The entire 

area, except just after a rain, is 

covered with a thin incrustation of 

salt crystals. According to Gould ' 

the combined flow of the springs 

which feed the plain approximates 

several thousand gallons an hour. 
In former years there were a 

number of primitive salt plants in 

this region. The water was dipped 

or pumped from the springs or shallow wells and evaporated either 

by the sun or over fires. No salt is now made in this region. 




Stean 7.— Sketch map showinf location ofntlt 
plainsia 01 



HABMON COUNTY PLAINS. 



There are salt plains in Harmon Coimty, in small canyons in the 
gypsum hills south of Elm Fork of Red River, about 5 miles east of 
the Texas border and 1| miles south of the north county line, in 
sees. 4 and 11, T. 6 N., R. 26 W. The plains are known locally as 
the Chaney or Salton Salt Plain and the Kiser Salt Plain. They are 
both small, neither covering an area of more than a few acres, and 
Uiey are not more than a mile apart. The salt is contained in spring 
water that issues from shaUow beds overlain by gypsum. Springs 
also boil up from the level floor of the plain. 

A local industry has been carried on for many years in this region 
at the old Eiser salt works and also farther west. The springs 1} 
milfis west of these works have been worked in recent years and are 
now known as the Salton salt beds. The old Kiser salt beds also 
have recently been worked. 



>■ Gould, C. N., Oklahoma G«ol. Survey BuU. 6, p. 70^ Ifltt. 
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ALFALFA COUNTY PLAIN. 

Tlie Alfalfa County plam Is 30 miles or more from the gypstmi hills, 
among which lie the other salt plains here described. It is about 4 
miles east of C9ierokee, just soufli of the Salt Fork of Arkansas River. 
It is 10 miles from nordi to south and 6 to 8 miles froip east to west, 
its area being from 60 to 80 square miles. 

Though it is the largest of the Oklahoma salt plains, it hae no 
large salt springs at its surface. The plain is composed of loose 
reddish-brown sand and daj, apparently saturated with salt water, 
for a hole a few feet deep dug in any part of the plain soon £08 
within a few inches of the top with salt water. The surface evapo- 
ration of this water produces the white incrustation observed over 
the field. The supposition that tho plain is underlain by rock salt is 
probably incorrect, a more plausible hypothesis being that the under- 
lying shale is permeated with salt, which dissolves in the ground 
water and is thus brought to the surface. No salt from this area is 
being used. 

BLAIXB COUNTY PIAIN. 

The Blaine County salt plain, 4 miles west of Ferguson, is fed by 
streams which come from the main Salt Creek canyon, among the 
gypsum hills. The flow from springs forms a small creek. Along 
the bottom of the canyon the salt incrustations formed by eraporar 
tion cover a strip about 100 yards wide. Where the canyon widens 
on entering the flat country, about a mile below the springs, the salt 
plain expands and becomes as much as a quarter of a mile wide. Its 
total length is 3 miles. 

This plain is nearer to both the coal fields and the market than any 
other in the State. A nimiber of small salt plants have been oper- 
ated at different times along its edge. The methods employed in 
obtaining salt were very simple. A hole or well was dug in the sand, 
and the brine collected in it was poured into vats and evaporated 
over wood fires. The trade was local, but the dwand is said to 
have exceeded the supply for several years. It is stated that a 
graJner plant having a capacity of 450 barrels a day was set up at 
Ferguson a few years ago. The brine was piped from the plain. 
After operating a short time the plant was shut down and disman- 
tled. A small output of solar salt has lately been reported from the 
region. 

BECKHAM COUNTT PLAIN. 

The Beckham Oounty plain is in the southeast comer of the 
county, in sees. 10, 1 1 , ] 4 , and 15, T. 8 N., R. 22 W. It is about half 
a mile from North Fork of Red River, near the base of the gypsum 
hills. Its area is about 40 acr^. Springs issue from the strata be- 
neath the gypsum beds in places and also from the level surface of 
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the plain. The combined flow of the springs would form a stream of 
considerable volume were not much of the water lost in the Band. 
Salt has been manufactured in the locality from time to time. 

JACK80R COUMTT PIJUWS. 

Thoro nvo throe salt plains in Jackson County, situated close to each 
other oil the west side of Sandy CVeek and on small tributaries flowing 
northeast into it. They are Mhout 3 miles from the mouth of tlie 
creek and about the same distance south of El Dorado. The north 
plain Is in the E. ^ sec. 31, T. 2 S., R. 23 W. ; the middle plain in the 
NE. i sec. 5, T. 3 S., R. 23 W.; and the southern plain in the N\V. J 
sec. 5, same township and ran^o. Tlie north and south plains are 
each about a quarter of a milo long hy one-sixteenth of a mile wide, 
and the middle plain, thougli approximately the same length as the 
others, is voi y much nan-owor. The salt water comes from numerous 
springs, and a thin saline incrustation covers the sandy floor of the 
plains. iVnalysis of the soluble salts in the saline incrustation showed 
the presence of more sulphate than chloride, and also of consi(I(a'able 
potassium. In the incrustation from the middle plain tLt; propor- 
tion of salt is greater than the proportion of sodium sulphate, but 
there is so much sodiima sulphate and potassium that it is doubtful 
whether the common salt could be profitably extracted. The oc- 
currence of potassium is interesting and may be important. 
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OBEOON. 

No salt has hom made in Oregon in recent years, but J. Koss 
Browne * says in a report on the mineral resources of the St 1 1 < t hat it 
was made from brine from springs in the Willamette and Umpqua 
valleys and at other places. According to Browne, the salt works 
in Douglas County in the Umpqua Valley for several years prior to 
1869 produced 700 to 1,000 pounds of salt daily during the smnmer 
season. The distance from Portland, the chief market, prevented 

> newMnow ot the Paoifle slope, pp. 25^-256, S«a Vnadaoo, ISOB. 
401O4''-18~-Bu11. 080 0 
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tho doveioiHupjit of the industry, as a choaper supply could be 
obtaiiiod from vvoilvs tjroctod in iho lowor Willamette VaHcry. 

The "Wiiiajiietto salt works woro approximaiely 13 miles from 
Portland, halfway botwocn that city und St. Helens, and half a mile 
from tho banks of tho ^ iUamotte slough. Tho salt was obtained 
from one of several salt: sj>rin<^, which Issued frum the bjise of a low 
eastward-trendiiig range of lulls. When Browne's report wjis written 
4,000 pounds of sail were being produeed daily. Samples of tho 
salt were analyzed by W. P. Blake and were found to be free from 
lime and magnesia, making it of value for dairying and preserving. 

Springs in Jac^n County are reported by Browne* to h&ve 
produced annually 10,000 pounds of a similar quaUty of salt. 

Bods oi rook salt ton imported near the base of Moimt Jefferson, in 
the Oaseade Bange. 

ALKALI LAKB. 

Thare is a shallow and variable lake of strong brine in Alkali Valley, 
southern Oregon, which occupies the bottom of one of the typical 
desert basins of this part of the Great Basin. A notable deposit of 
soda is found in and around the lake. The alkali occurs as a crust 
on the surface of mud in and around shallow saline ponds, nnd thoro 
are ''pot holes'' near the margin of the deposit in which ahnost 
pure soda crystalhzes. These *'pot holes" have been worked for 
soda in a small way, and the deposit as a whole has been taken up 
by a company which plans to work it for soda and perhaps for other 
products. Attention has been directed to this deposit as a possible 
source of potash. 

Hoyt S. Gale, of the United State,s Geological Survey, examined 
this deposit in August, 1915, and took samples of the brine and salts. 
Tho results do not seem to indicate that the materials are of promise 
as a source of potash salts, though these may Ix^ recovered in con- 
junction with other salines. For c\:implo, the brine from a pool 
known as Little -Vlkali, which is inobahl^' the largest bod}^ of open 
water, carries 10.63 per cent dissolved matter (ignited residue), in 
wluch potash ran 3.25 per c^nt as potassium, or 6.19 per cent calcu- 
lated as potassium chloride. This court nt of pota'^h is somewhat 
higher than that commonly obtained in such brines, but it is not 
comparable, for example, with that in the brine from Searles Lake, 
in southern California, and the brine from Alkali Lake was less than 
haK saturated. 

AB£BT AND SUMMER LAK£S* 

Eeports have been published from time to time relating to a project 
for extracting salt, soda, potash, and other mineral salts from the 
waters of Abert and Summer lalces, southern Oregim, These lakes, 

1 Browne^ J» B.« Qjf. cit.« pp. 
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which are of coiiaiderable aiz(\ rnrvy alkali salts in rather dibito 
solution, rangini^, acc5ording to analyses available, from 3 to 8 per 
cent in Abert Lake, and from 2 to 4 per cent in Summer Lake. 
Although the aggi'^ato quantity of salts in those water's is im- 
doubtedly lar(?e, the waters are only about as concentrated as »ea 
water, and f]u) jiotHsh content, as shown by anthoritative deter- 
min;i' i!»iis, IS only hiiglitly greater than that of sea water. Soda 
migiii bo recovered from these waters by solar evaporation, in tho 
same manner as salt now r©co\ ered from s«a water. It is also 
conceivable that potash might be recovered as a by-product. 

BIBLIOO&AFmr. 

BftOWNB, J. R., BewurcM of the PaciAe slope, pp. 25$-2$9, San Fkmdaco, I8fiO. 
Pbaun, W. C, Potaab aalta: U. S. Geol. Survey Mineial Reaourcea, 1915, pt. 2, pp, 
107-108, 1916. 

IDAHO AND WTQMINO. 

DEVELOPMENT. 

Salt has been produced in Bannock and Bear Lake counties, 
Idaho, in recent yeai's. Though the production has be^ usually 
rep<Mrted from Idaho, I I n headquarters of most of the operators 
have been at Auburn, Wyo. 

Valuable areas of salt^bcaring land lie along the Wyoming'-Idaho 
border in Bannock Ck>unty, Idaho, and the middle-western part of 
Uinta County, Wyo. The deposits occur west of the Salt River 
valley, or Star Valley, as it is locally known. In the old days, 
before the advent of railroads in the West, relatively large amounts 
of salt were boiled from the i)rine springs in this region and were 
hauled by ox team to supply Idaho and ^lontana mining camps. 
The emigrants to the Northwest along the Lander route also drew 
upon this region for their salt. 

Interest in these salt deposits has recently been revived by 
the discovery of rock salt beneath the brine springs in lower Crow 
Creek. In deepening these springs in 1902, a fonnation of rock salt 
was encountered 6 feet below the surface which has been penetrated 
for a thickness of 20 feet without reaching the bottom. The exejp- 
tional purify of the siilt. its cheapness of production, and the proba- 
bihty of future raib-ond connections lend interest to the deposits of 
the enisire district. (See £g. 8, p. 133.) 

lAHJATlOS, 

The only rock salt thus far found in the region is on the southeast 
side of the Crow Creek valley, along the route from Montpeher, 
Maho, to Star Valley. The locality is opposite the Lowe ranch, 38 
miles northeast of Montpeher and 12 nuies southwest of iVfton , Wvo. 
The property is owned by John W. Booth, of Afton, who also owns 
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a Wine spring in upper Crow Creek, 6 miles nearer Montpeiier, which 
lia.^ not been worked in roeent years. 

The principal operating brine springs are on Stump Creek and 
in Tygee Valley, which are west of Star Valley, on the Idaho 
side of the State line. Most of the springs are near the juin tion of 
Stump and Tygee creeks. The Petersen spring, now owned and 
opeiated by Soren Petersen, of Auburn, is on Tygee Creek, about 
half a mile southwest of the junction. The McGrew spring, 
owned and operated by John C. AIcGrew, of Stiimp Creek, is 
on vStump Creek about half a mile northwest of the junction; and a 
mile farther north, up Stump Creek, are tiie Keed springs, o\med 
and operated b}^ Sydney Reed, of Auburn. Still farther up Sunup 
Creek, about 5 miles a])ove the Keed springs, are the old Stump 
and White springs. These have not been opcratcnl in recent years. 
To the south, up Tygee Creek, the next spring operated is the Draney, 
4 miles south of the Petersen spring. 

Another salt-producing area is situated on the Wyoming side of 
the boundary hne, south of Star Valley, on the route from Smoot 
and the upper end of Star Vallej to Thomas Foric. This locality is 
on Salt Creek and is reported to be 7 or 8 miles northeast of Green's 
ranch, or the head of Thomas Fork. The plats of the General Land 
Office show it in the SW. i sec. 26, T, 29 K., B. 119 W., east of tiba 
middle of the quarter. 

GEOLOGY AUD OfilGIN.^ 

The productiye brine springs have no immediate relation to the 
solid rock formations occurring near by. The springs occur in the 
valley bottoms in barren patches of stony day or gravelt which are 
rendered soggy by the contained brine* These salty places may be 
recognized at a distance by their gray color; in some of them a Uttle 
salt incnists the barren surface. Near by are terraces of reddish 
clays. 

A brine spring is made by digging a hole about 3 feet deep, 2 to 4 
feet mde, and 3 or 4 feet long. This soon fills with water so saturated 
with salt that it frequently has a sirupy consistency or appearance 
when dipped. 

According to Breger, the salt was originally disseminated in small 
quantity in the red sandstones, conglomerates, and shales of the 
Beckwith formation (Jurassic and Cretaceous) at the time these 
rocks were laid down in the shallowing and disappearing Jurassic 
and early Cretaceous seas. The anticUnes into which the porous 
Beckwith rocks are folded have locahzed the underground water 
circulation. On the crest of one of these anticlines are located all 
the productive salt areas on Stump Creek and lower Tygee Creek; 

t Bi^r, C. L., TlM salt roaoorow of tlw Idalio-Wyoiiiliig border, wltb notes on the gtOogfi V. 8. 0«eL 
Survey BaU. 430, pp. 1910. 
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the Draiiey spring is near the crest of the same antichne. The 
Crow Creek rock-salt area is on the crest of a prominent dome, at 
the mouth of a small tributary, Kock Creek. 

The present productiye salines were deposited during pre-Pleisto- 
cene time in the form of alkali flats at or near the mouths of incoming 
lateral streams or valleys. When the salt-bearing waters reached 
the main valleys they sank into the gravels or spread over the surface. 
On evaporation or partial evaporation of the waters the salt was 
left behind, either on the surface or in the gravels. 

The hypothesis of preJ^leistocene alkali flats and saline evaporation 
in the valleys to aococmt for the present deposits is favored by the 
ideal conditions presented by the anticlinal folding of the salt* 
bearing porous Beckwith rocks^ coupled with the climatic aridity 
which has been shown to have preceded the Pleistocene. The long 
duration of the arid climate, which may have extended nearly 
as far back as the period of the Oligocene ( ?) conglomerates, and the 
antiquity of the existing drainage features also support this 
hypothecs. 

On the recurrence of a humid climate in the Pleistocene epoch 
the alkaH flats were buried under an outwash of the stony red 
clays. These days have blanketed the salt with a nearly water- 
proof cover, which has protected the soluble mineral from being 
eroded or from being dissolved and carried away. Where recent 
erosion has washed the covering of Pleistocene red days from the 
river bottoms the buried alkali flats yield their salt in the present 
productive brine-spring areas. 

ESTIMATED EXTENT, ' 

Solid salt deposits of some kind apparently underlie all the pro- 
ductive brine-spring areas, as is borne out by (1) the saturated 
character of the brines, (2) the ramilarity of geologic conditions in 
the single area poeitivdy known to contain rock salt and in all 
the brine-spring areas, and (3) the fact that this rock-F^alt area itself 
was originally a brine-spring area similar to those of the present 
brine springs. Rock salt has been reported under the Petersen spring, 
in Tygee Valley, and under the Booth spring, on upper Crow Creek, 
but on authority of uncertain value. Whether the underlying solid 
salt will prove to be a mass of rock salt with small amounts of dis- 
aemin.ated red clay, as at Crow Creek, or whether the salt occurs in 
gravels incrusting the pebbles is conjectural. Shallow digging or 
drilling would undoubtedly display the character and amount ol 
salt available under the brine-spring areas. 

Definite estimates of the amount of salt underlying the brine areas 
are, with the present data, impossible. iVlthough the existence of 
Tock salt underneath them is more or less demonstrable, the thick- 
ness and continuity of the salt bodies, or old alkali flats, is problematic. 
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particuliirly in the- absence of any borings. From surface, indica- 
tions, however, it appears proljablt* that the salt body to the west of 
Stump aiul Tygoe creeks is more or less continuous from the Petersen 
spring iiorthwar«l to the McClrew residence, or nearly a niile. The 
Reed springs druw upon a probably large acreage of salt underlyuig 
the red-clay terrace near by, on the west side of Stump Creek. The 
acreage of the salt bod}' supplying the Draney spring, iu Tygee Valley, 
is wholly conjectural in the absence of borings. At the old Stump 
and White springs, on upper Stump Greek, the narrow valley and the 
presence of bedrock on both sides suggest a very small salt body. 
The salt body supplying the Booth spring; in upper Crow Creek, if 
it underlies a^y large part of the red-clay terrace, would be very 
extensive. In the absence of diggings or other data, however, its 
extent is problematic. 

The rock salt on Crow Creek has been penetrated for a thickness 
of 20 feet. Not only is the bottom not in sight but the salt is 
purer at that depth, containing less clay than at the top. This 
suggests a great tiuckness at the particular points penetrated. The 
rock salt appears to underlie much of the terrace of red days near 
the mouth of Kock Creek, biit that the salt extends to any great 
extent under Crow Creek valley in front of the terrace seems im- 
probable, though by no means impossible. The extreme north end 
of the terrace may not contain any salt; fresh-water springs emerge 
here. The south end of the terrace has been cut through by Rock 
Creek and may perhaps also prove to be destitute of salt. Conserva- 
tive estimates of the portion of the terrace now underlain by salt 
indicate an area of approximate)^ 113 acres. On the assumption 
that an average thiclmess of 15 feet can be mined out or dissolved 
out, this area would yield a little over 74,000,000 cubic feet of rock 
salt. By weight this would produce a trifle over 5,000,000 short 
tons of soluble salt (the rock salt being assumed to average 8 per 
cent clay and solid matter and 92 per cent soluble salt) . 

The existence of anticlines in the sandstones of the Beckwith 
formation in the hills on the west side of Star VaUey and the presence 
of the Pleistocene stony red clays in places suggest the possibility 
that ol I hiiried salt flats may exist under portions of the valley. 
None of these have yet come to light, so far as known, but unless 
local conditions prevented the formation here of pre-Pleistocene 
salt flats it is probable that future diggings may discover buried salt 
bodies in some portions of Stor Valley proper. 

SUMMARY. 

The workable areas along the Idaho-Wyoming border eonsbt of 
isolated salt bodies. These were formed during a long period of 
pre-Pleistocene aridity by salt waters from the lateral streams 
(either surfioial or underground drainage), which reached the valley 
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bottoms and evaporated oithor on the surface or in the gravels. 
Tlie existence of anticlines and domes near hy in the porous sand- 
stones and concrlomerates of the Beckwith formation aided in the 
accumuhitiou of salines, which intcnsiliiul tlio saHnity of some of the 
streams. The salt flats produced have been preserved by a covering 
of Pleistocene stony red clays. 

Although the salt bodies or old alkali flats are thus meager in 
extent, especially in comparison with the other prominent salt- 
producing areas of the United States, the conservative estimate of 
5,000,000 tons for the Crow Creek rock-salt body and the possibility 
of a larger salt body near the Tygec and Stump Creek foiks indicate 
that the amount of salt apparently in sight in soiiie of the present 
areajs would be sufRcient (if ])roper railroad connections existed) to 
yield returns on large workings for a long time. It also appears 
quite probable that all the areas, including the smaller brine springs, 
contain sufficient salt to return the sums that may be advisedly 
invested in their development. 

As to quidity, sjdt can be easily obtained here which is above the 
average in chemical purity. This salt could be produced most 
cheaply and with the maximum of cleanliness by a process of solar 
evaporation. 

At present the market for the salt of the area described is limited 
to the immediate vicinity, owing to the absence of railroad connec- 
tions. With a railroad in Star Valley, however, the salt of this 
area would command the markets of eastam Idaho, western Wyoming, 
and much of Montana. 

COMPOSITION OF THE SALT. 

Analyses of the rock suit of the district made in the laboratory oi 
the United States Geological Survey gave the following results: 

CompotUion of rock «dt of Jda^Wyoming dUfriet. 



[CSnae Falmerp analyst.] 

Soliible matter ("salt") 91. 79 

Insoluble matter , 6. 42 

Moisture and undetennined .86 



99.06 

The salt has the following composition: 

AnalyiM of sall/rom Jdaho-Wyomiiig dislrict. 

Sodium chloride (NaCl) 98. 000 

rulcium sulphate (raSO^) 817 

Potassium chlorido (KCl) ,261 

MagiM^um chloride (MgClj) .022 



100. ooo 
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The insoluble Tiiatter was deternuned as follows: 



AneUym o/ insoluble matter in rock $aU o/ Maho-Wyominy Uttria, 




MnU Trace. 

}SgO .13 




Bbeger, L., The palt resoun es of the Idaho-Wyoming border, with notes on the 
geolog> : U. S. Geol. Survey Bull. 430, pp. 555-569, 1910. 



The salt mdustry in Nevada is unimportant. Scattered deposits 
are worked from time to time to supply local demand, but most of 
the enterprises started have been small and have been operated 
spasmodically. 



During recent years salt has como from Sand Springs, Leote, and 
Parran, Churchill County; from the Silver Peak playa, Esmeralda 
County; and from the BufTalo Salt Works, Sheepshead, Washoe 
County, The salt is usually obtaiued by solar evaporation, and the 
finer grad^, such as table, dairy, and common fine salt, are prepared 
from tlie solar product by different refining processes. Other known 
deposits arc at White Plains ajid Dixie Salt Marsh, Churchill County; 
Ivliodes and Columbus marshes, Esmeralda County; ixailrtjad Valley, 
Nye County; and west of Diamond Range, in Eureka and Elko 
counties. Other deposits of present or prospective importance lie 
along Virgin Kiver in the southeastern part of the State. In fact 
numerous saline valleys are widely distributed in the part of Nevada 
included in the Great Basin. 



Sand Springs is about 25 > miles southeast of Fallon, Churchill 
Gounty, which is the nearest railroad point. It is in Sand Springs 
Valley, known also as AlkaU VaUey and now generally as Fourniile 
and Eightmile flats. Solar rock salt was produced at Sand Springs 
]nl915. 

The surface of the lake beds in the valley when deposited was of 
course horizontal. The present inclination of the beds is due to a 

I Browne^ I. K., Bewwroes of th« P«clfl« slope, pp. aot^ll, Saa FraDObeo^ 1M9. ThfB booik oaaMm 
ufnttMliiigaoQcniiit ol the MVly woAinss at fiamd Spttn^ 



NEVADA. 



SALT MARSHES. 



LOCATIOir. 



CHURCHILL COirXTTT. 



8AMD SPBINOa.* 
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fault \\ hich crosses the vallev and stiiivts to the north. The tiltinff 
of tho valley iloor result iiig fruiii tliis fault caused the surface waters 
to drain eastward and to form a small lake at the eastern end of the 
valley near wSand Springs. 

During the winter water collects in this lake and forms a sheet of 
brine 10 to 15 square miles in extent but only a few inches in depth. 
In the dry summer season the water evaporates and adds a layer of 
salt to that previously deposited. The salt deposit thus accumulated 
is 3 to 5 inches thick near the margins and is said to have a depth 
of not leas than 3 feet in the center of the hasin. Associated with the 
salt here, as well, as at the Buffalo Salt Works and the Eagle Salt 
Worlcs, are greater or less quantities of sodium and calcium borate. 
Borax has been produced at the borax works of Alkali Vallej. 

The occurrence of salt at Sand Springs is typical of a large class of 
salt deposits in Nevada and the Great Basin region in general. The 
amount of salt formed as indicated must be very great. In coflect- 
ing the salt, the crust is broken up and scraped into heaps, formerly 
with broad wooden hoes, the ground being divided into long strips 
and gone over in regular order. The heaps thus formed are allowed 
to drain for a few days and are then carried in wheelbarrows or cars 
to platforms, where, after further drying, the salt is pulverized, if 
neceasaiy, and sacked, after which it is ready for shipment. After 
one crust of salt is removed, another begins to form, the process 
repeating itself so rapidly that several crops can be gathered in a 
year. As the ground below is heavily charged with salt, the replace- 
ment of the layer removed would go on almost indefinitely. A large 
part of the alkali flat outside of the depressed area is covered with 
a thin coating of salt during the dry season, but generally it is too 
impure for gathering. 

A tost well smik in the region imder the direction of H. S. Gale, 
of the United States Geological Survey, showed a surface layer of 
7 feet of hard crystalline salt underlain by soft black mud. A flow 
of water was encoimtered at a depth of 26 feet. The water ^^'!^s 
tested for potash salts, but the richest sample showed only 2.37 
pOT cent expressed as Kfi. The great disttmce of this place from a 
market is one of the drawbacks to the salt industry, which is purely 
local.' 

LBETE. 

Leete, the location of the Eagle Salt Works, is in northwestern 
Churchill County, and is reached from Femley, opposite the old 
Wadsworth station on the Southern Pacific iRailroad. The region 
about the works is a desert mud plain covered during the summer 
by a white saline efflorescence. The locality is within the drainage 

« Hanoc, J. H., U. S. Geol. Survey DuU. 640, pp. 457-463, 1914. Young, G. J., U. S. Dept. Agr. Hull. CI, 

p. n, nu. 
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bouiitlarj^ of the Great Basin, and the deposits associated with the 
salt arc of Qiiatornarv ao:e. 

Tlie salt is prociirod by solar evaporation from a natural brine that 
stands not far V)ol()-\v tlie surface. The surface material is sandy and 
is about 5 feet tliick. It is underlain by a more or less impervioug 
clay. At an approximate depth of 20 feet a natural flow of brine 
is encountered. This brine is collected in shallnw excavations cdled 
vats, which are 50 or 60 feet wide and a few liundred feet lonp; and 
are arranged parallel to ont^ another. The salt water is allowed to 
run into them to a depth of an inch and evaporates to dryness, mak- 
ing a hard foundation for the salt subsequently formed. Additions 
of brine are made and evaporated, and the salt layer is thus thick- 
ened. The salt formed is hoed up into piles. Tlie Eagle Salt Works 
has reported a substantial production in recent years. 

The method described differs somewhat from the procedure for-' 

meily employed at the Eagle Salt Works, which has been described 

by I. C. Russell ' as follows: 

Water from springs on the eastern edge of the plain is conducted over the surface 
<Si the lake beds, ai^ ia made to flood mull aieea Inckaed by low dams or ridges of 
clay. The brine soaks from the flooded areas through the ridges ui day, and eaten 

•hallow vats dug in tho lake beds on either side. Here, on evaporation, the salt de- 
posits. The aroivs fl^xxied by the fresh water are called reeervoirs, the trouglw be- 
tween them are called ' " vats. ' ' They are arranged alternately and may be multiplied 
to any extent. A profile through a reservoir and vats ia shown in the figure. 



Jteigervatr' 




Fuku flwtian of MMrrofr and Tats, Ea^ Sett Works, Leete, Nav. (After L O. RraMtL) 

The accompan\ang table gives an analysis of brine from a vat in 
which the salt had be<^un to crystallize. The figures, originally stated 
in conventional combinations in p>ercentage, have been calcidated to 
ionic form in grams per kilogram. The content of potassium of thia 
concentrated solujbion is very small. 

Analysis of briiUy Ea^USall Works, I^te, Kev. 
(Speelfle c»Tity» 1.2115; nanltB in per kUogimm. F. W. Tuyiar, anOjvt.) 



Radlelea. 



(SiOs)....^ 0.028 

Oxides of iron and alumtnttm (F«iO» 

aDdAl«0«) 004 

Oaldmn (Ca) 2. 14 

Ifameslum ( Mg) 97 

Bodium (Na) moO 

Potassium (IC) 012 

Sulphate (SO<)...v SlOft 

CUaiida(CD m9i 

26o. IXt 

1 Kusscll, I. c, Geological history of Lake T^ahfflptaa, a Quaternary lake o( northwestern Kemda: U. S, 
GeoL Sorray Moo. U, pp. 38»-«4, U86» 



Coaventianal oamblnattoas. 



SiUoa (SlOs) 

Oxides of iroa and alumtnum (Fe«0» 

and A1|0«) (M 

Calcium sulpliute (CaSOi) !LQO 

Calcium chloride ( CaCl j ) &W 

Magnesium chloride (>1)^1«).«.> 1^19 

Potassium chloride (KCl) QBI 

8odfcnn<liliOfMa(NaCI)..v 2St,n 
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FARRAN. 

Farran is on the main line of the Southern Pacific Baihoad between 
Ogden and San Francisco^ in the northwestern part of Churchill 
Conntyi about 10 miles south of the south end of Humboldt Lake. 
A small quantity of salt obtained by solar eyaporation and used 
chiefly for stock vas collected there in 1911. 

WHITE PLAINS. 

Wliite Plains (Hxixley station) is on tlio main line of the Southern 
Pacific Railroad, ihout 4 miles north of Parran and 5 or 6 miles from 
the south end of Humboldt Lake. It is one of the notable salines 
in this part of Nevada. No report reached the Survey of the pro- 
duction of salt at this place in 1915, but formerly it -was an important 
salt-prodiK ing locaUty, and the Desert Crystal Salt Co, operating 
there had an extensiye acreage of vats for making salt by solar 
evaporation. These vats were simply shallow excavations inclosed 
by low embankments, into which the brine was run. 

DIXIE SALT MARSH. 

The sahne deposit in Dixie Valley (Osobb Valley of the older 
reports*) lies cast of Carson Desert and nearly 500 feet lower, being 
separated from it by the Stillwater Moimtains. The valley was 
formerly occupied by a shallow lake, the final stages of the evapo- 
ration of which probably occurred on the site of tlie present marsh, 
which covers an area of about 40 square miles. An area of 9 square 
miles near the center of the marsh is covered with a crust of salt 1 to 5 
feet thii'k, below wliich is a saline mud, underlain by layers of siilt and 
mud. During wet seasons portions of the j^at are Hooded to a depth 
of a few inches. 

During the sixties much salt was hauled from the marsh to Vir- 
ginia City, where it was used to chloridize silver ores. Borax nho 
wm obtained just north of the marsh. Salt is not produced hero at 
the present time. 

Tlie brines in the marsh have been tpstod by the United States 
Geological Survey* and by private corporations to obtain data on 
the occurrence of potash salts. The tests show that the potash con- 
tent of the brines and salines is commercially negligible. The fol- 
lowing analysis by K. W. Woodward'* sho>\'s that the salts are 
nearly pure sodium chloride. 

1 Uaguo, Arnold, and Emmoaa, 8. F., DewrlpClv* f8QlO|7: tJ. S. QM. Expi. 40th Piir. Final Hept., 
vol. 2, pp. W-m, 1877. 

* HfUDce, 1. H., Potash in western aRttnedepMlttt TJ. B. Oeol. Siurey Ball. 510^ pp^ 46^64, IMI. Younj^ 

O. J., eota>h s ; luvl i f!ior salines {a the Givat Basin regloii: ir.S.Dcipt. Aff, Bull. 61, pp. StSO, 1914. 

* Hague, Arnold, and Emmons, S. h\ op. dU, p. 708. 
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ulna^fm oj wli from J>me SaU Manh^ Nev. 



Sodium chloride (NoCl)..... 
Sodiumsuli ^ t (NajSOJ., 
Sodium carboiuito (Na^O^) 

Water 

Insoluble residue 



96.49 
1.91 

.96 



. 12 



100.00 
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LCKSAITON OF DBPOfllTB. 



In a district comprising tho central and nortiiwcstem parts of 
Esmeralda County and the southeastern part of Mineral County there 
is a series of extensive iJkali flats containing sah de])osits similar to 
that at Sand Springs, Churchill County. Khodes Mai-^b, in Mineral 
County, is in the northern part of this district; Columbus Marsh is 
farther south, Blair Junction being a railroad station in its border; 
and Silver Peak Marsh, from which production of salt has been 
reported in recent years, lies still farther south, near the settlement 
of Blair. 



Rhodes Marsh is circular in form and 2} to 3 miles in diameter; 
its area is 5 to 6 square miles. In its center is a layer of pure salt, 
which occupies an area of a square mile or so. Surrounding this 
central crust of salt occur horax, in pure form and in the form of 
tincal, ulexite, a hydrous borate of sodium and calcium, and sodium 
sulphate and carbonate. Common salt is found almost eyeiy- 
where, but in pure form only in the central part of the marsh. 

The localization of the salts of different Idnds contradicts the idea 
that the marsh is a simple dried-up lake. The most logical explana- 
tion is that the former lake must have been supphed by springs 
which brought to the surface various kinds of salts. These springs 
continued to act after the lake dried up, thus localizing the material 
deposited from them. Common salt, the most abundant ingre- 
dient of the lake water, left eveiywhere as a cnxst when the lake 
dried up, was subsequently leached out and accumulated in very 
pure form in the central or lowest part of tho playa. 

This marsh, as well as Columbus Marsh, was better known as 
a borax maish, as it contained large deposits of the borates of 
lime and soda. It is of interest to know, however, that Columbus 
Marsh was located as a salt bed in 1864. 

The United States Qeolo^cal Survey has done some drilling at 
Bhodes Marsh in connection with its potash investigations, and 
information has- been obtained on the potash content of a flowing 
well out on the salt flat. The Earing issues among blocks of basalt^ 



RHODES MARSH. 
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possibly aloiig or near a ba.salt. dike. The salt is not worked, but 
there was fonnerly aa extensive equipment on the railroad. * 

COLVlCBirS MABBH.* 

Columbus Marsh is situated on or near the lino between Esmoralda 
and Mineral counties. Tlie marsh is approximatoly 30 square nulea 
in area, about 8 niiJes in longrost dimension from uortli to south, 
and about 6 miles in greatest width. It is a typical playa, and little 
salt sliows on its surface except in the marginal areas, where several 
borax plants were located chn ingthe early days of the borax industry. 
Under the direction of the United States Geological Sun^ey six shallow 
wells were sunk in the marsh during 1912 and tlu*ee others durmg 
1913. The muds encountered in these wells differetl somewhat m 
character, consisting of sand, clay, and hard consolidated material, 
but no distinct saline horizons were observed. The analytical data 
as origiiiail} ]Mi])lis}ted sliowed that some of the nmds from one of 
the wells eoiiluiiied unusual amounts of potash in the soluble salts, 
but a more extended investigation' has shown that these ap])arent 
high values residtcd from the metliod of clarifying the water extracts 
with ammonium cliloride, that a large part of the potash present in 
the muds is held either mechanically or in a loosely combined form, 
and that only small quantities of soluble matter including potash 
are extracted by water alone. The average results for one of the 
wells, exeloding surface material, gave 2.84 per cent of total dissdived 
salts, 5.17 per c^t of which is potassium. With few exceptions the 
waters from the wells bored in Columbus Marsh were very dilute and 
contained only small amounts of potash. Consequently, it is not 
believed that potash salts in commercial quantity can be derived 
frcMn the brines or muds of Columbus Marsh. 

filLVSB PEAK MA.B8H.* 

Silver Peak Marsh is 30 miles southeast of Columbus and occupies 
the lowest part of the Clayton Valley. It is included in Tj^. 1 and 
2 S., Rs. 39, 40, and 41 E. It is about 10 miles long from northeast 
to southwest, about 4 milefl wide, and has an area of approzim&tely 
32 square miles. (See PI. XII.) It is reached on the Silver Peak 
Railroad, a short Hne running southward from Blair Junction on the 
Tonopah & Qoldfield Railroad to Blair. 

1 LeCoato, Joseph, CaUibniia State Mineralogist TturU Ann. Kept., 1883. Yooog, O. J., op. cit., pp. 

* Gale, H. S., Potash tests at Colnntai Utasb, Vtwj: V, 8. OmI. Sumy B«ll.<40^ 40-07, 1914. 
Tomig, O. J., op. dt., pp. 53-M. 

* Hlda, W. Cowpwitlon «f iMMhimMi CMoBbin HMi, N«r.: U. 8. 0«ol. arnnfTni. Pt^er tl, 

pp. i-n, 1915. 

* Dole, R. B.f Ezploratioa of saiiuaii in SUver Peak Marsh, Nov.; V. S. Oeol. iSurvey BuU. &30, pp. S»- 
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The siirface of the marsh is generally dry but after a heavy rainfall 
may be covered a foot deep with water. Ground water level is near 
the surface, and shallow holes find mud and concentrated brines. 
The water has been derived in part at least from the drainao:e of the 
siiiTounding mountains. According to Dole, leachings from the strati- 
tied Tertiary rocks, extensive areas of which occur in the basin, 
account in part for the saline residue, and it is possible that a far 
greater area than the present basin was formerly tributary to vSilver 
Peak Marsh and furnished part of the saline material now found in it. 

The drainage area of each of the playas in this region includes 
laige districts of upturned early Tertiary sediments, so that the playa 
deposits would naturally be expected to show the same character- 
istics. However, they do not, and the difference in chemical com- 
position between the salts in Silver Peak Marsh and those farther 
north, which contain borax pretlominantly. lias led Spurr' to suggest 
that special agencies have been at work in Silver Peak Marsh. The 
special agency which has given rise to the salt (sodium chloride) at 
Silver Peak he regards as the deep-seated hot springs, which furnish 
water whose sohd contents differ in composition from the surface 
leachings from the Tertiary borate deposits in the surrounding hdls. 
This explanation was also offered for the localization of salts in the 
Rhodes Marsh, by Le Conte.- Dole further suggests, however, that 
the brine springs may get their salt from the muds of the flat instead 
of adding salt to them. 

The following quotation on the commercial possibilities of salt pro- 
duction at Silver Peak Maish is taken from Dole: ^ 

Asctically the entixe surface of the playa, 32 square vaaSmt k covered with mX% that 

averages in depth about one-quarter of an inch. The upper muds, averaging prob- 
ably 10 foot tliicic, contain not less than 2 por cent of salt. It is estimated ihM not 
}(m thau lo square niilee oi the uortheaetem part contains a 10-foot miline iivd, of 
which at least 60 pa cent is salt. It is calculated from those moderate estimaXes that 
15)OOO,0OOtoiiBof salt lies within 40 feet of tiiesuiface. The high rate of evapontioD, 
which would pi rmit solar concentration of brinee, the absence of long-continued 
rainfall to interfere with operations, the nearness of a railroad, and more especial]^ 
the high degree of purity of the product indicated by anoly^os of the brineei tM 
extremely favorable in comidering the ptMsaibility of utilizijig ihet^e deposits. 

Salt ifi now being produced ou a small scale by Frank Porter^ of Silver Peak, whose 
wctiB are eituated in sec. 24, T. 2 R. 89 E. Bxinea fnm pita in the upper muds 
or from furrows fiU^ with rainwater that has become saturated are ooncentEated and 
erystallized by solar evaporation in shallow vats dug in the playa, and the salt thus 
obtained is bagged lor sale. Mr. Porter states that about 150 toxu has been produced 
in three years. 

A composite sample of the salt that crystallizps in surface i^its in 
Silver Peak Marsh was cottected by Dole, Maj 25, ldI2. It was com- 

1 Spnnv J. E., On dapostts of the Sflwr Poak quadranglo, Nev.: V. S. Gwd. Surrey- Pnf. Paper S5, 

pp. irA-m. 1906. 

1 ju Conto, Joseph, Caliibmia State Minaialogist Tliird Ann. Rei>t.,.p. 51, 1883, 
>09>0it.»pp.3«-Ml. 
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posed of 35 portions taken from sumps at the foot of every second 
pole along the power line crossing the marsh. The composite, having 
a total weight of 5 pounds, was dried, mixed," quartered, and 
The results are shown in the following tahle: 



xiriahjus of aaltjrom Silver Peak Maraht Nev. 
(W.B.Hleki,aiuajrt.] 



CooBtltuents. 



IMrtnnatiao^C. 

Quotable matter 

Cridum (Ca) 

llajnsosinm (Hg).. 
8oSujn(Na)by differenoe 

Fotewiiiiit (K) 

Sulphate radicle (SOO 

OdoriiieCa) 

SlomtenMliaie(l}«0}) 



Percent- 
age of 
sample 

as 

collfctod. 


Percpnf- 
ase of 
sol utile 
matter. 


1.22 




1.12 




.51 


0.S2 


Trace. 


Trace. 


37. U 


38.00 


.tt 


.07 


.82 


.84 


SB.46 


89.02 


.06 


.00 



Conventional fflyniMn ^***"*^ 



ICfibtuKa. •••••.« • 
Inaolulde matter. 
rni<»tnTB sutpinte 
CaleluB ditoride (CaCi,) . 
Potasahim ehtoride (KCl) 

Sodium chlonde (NaCl) , 

Bonuc CNajB^O,) ....I 



Perccntir 
age of 



Lai 

M.71 

/ .07 



wn couiTf . 

RAILROAD TALLBT. 

Railroad Valley is about 100 miles northeast of Tonopah and a 
somewhat shorter distance southwest of Ely, the two nearest tmI- 
road stations. The valley proper is a typical desert basin, extending 
85 miles in a northerly direction and having a maximum width of 
15 miles. A saline mud playa occupies the lowest part of the valley. 
It is lowest in the north-central part and has an area of approxi- 
mately 40 square miles. The surface of the mud bears a thin crust 
of salt, especially after flooding and evaporation. The margins of 
the mud flats also show salt deposits. At the north end of the 
marsh is a series of so-called "salt pans." These are irregularly 
shaped areas more heavily incnistod with salt than the rest of the 
marsh. They range in size from a fraction of an acre to several 
acres. Saline efflorescences several inches thick occur on them. 
iVftcr periods of high water, following floods, they diain to the 
lower parts of the marsh. Salt from 'the pans at the north end of 
the marsh has for many years been collected for local use. In the 
early days it was scraped iiilo piles and hauled to Tybo, a minin^ r 
camp 15 miles soutliwest, for clilorinating lead-silver ores. 

These saline eff1<' -scences were long reported to contain consider- 
able potash salts, mid samples of them tested by the United States 
Geological Survey were found to contain as high as 12 per cent 

' Ilance, J. IT., Potaoh in western .s:AlLno deposits: V. S. Gool. Survey Bull. 540, pp. 457-462, 19M. 
Young, O. J., rotash salts and other salines in tho Great Basin region, U. S. Dept. Agr. BulL 61, pp. 
M-«0, 88-88^ 1914. Bafliwd Valley Saline Co., Potash, Sept. 7, 19U. Fiwf B. B., Potaeh, Any. 22, 19U; 

rpv. p'l., Nov. 25, 1912. Chandler, A. E., ■R;iilro;i.l Valley water supply, Aiip. 1?, I0I2. Marc^n, If. W., 
liailroad Valley soils, Aug. 10, 1912. Several minor circuliurs also were Issued by the Kailroad Valley Co. 
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potash (K2O) in the soluble portion. The valley has also been 
drilled by the Railroad Valley Co. for potash salts, but only negi^ 
tive results have thus far been obtained. Analyses of saline residues 
and natural spring and well waters from the drainage basin of Rai]?> 
road Valley, together with analyses of brines from shallow lats in 
salt pans north and northwest of Butterfield Marshy* have been pub- 
lished by the Geological Survey.^ These analyses, numbering 164 in 
all, were imdertaken primarily to determine the potash content. 
The results of the analyses of 85 samples of saline residues, includ- 
ing efflorescences and crusts from the drainage basin of Kailroad 
Valley, show an average content of 5.23 per cent potash in the 
soluble portion, which was 45.57 per cent of the sample. Eleven 
samples of brine from shallow pits dug in the salt pans north and 
northwest of Butterfield Marsh were also analyzed. The average 
content of dissolved salts, dried at 105° C, expressed in grams per 
100 cubic centimeters of original sample, is 12.33. The content of 
potash expressed as percentage of dissolved salts is 7.23. 

SLSO An> XUBXKA COUATJIEB. 
WEST OF DIAMOND RANOB. 

Arnold Hague ^ meniions the occurrence of salt in the lower 
Quaternary plains which occupy the valley west of thr Diamond 
Range, Nov. These plains arc strongly impregnated with salt, and 
on evaporation of the water in the upper end of the valley rxkibit 
broad fields of salt crust, which was used years ago for extracting 
silver from its ores. 

WAS&OS COnifTY. 
BirvFALO SPRXMOS SAI/T WORKS.* 

Salt was formerly obtained at the Butralo Springs Salt Works, on* 
the west side of Smoky Creek Desert, Washoe County. The desert 
is a vast expanse of barren yellowisli mud, iin[)assable except dur- 
ing the dry season. Water that flows over the surface of the lake 
beds in the vicinity of the salt works soon becomes strongly im})reg- 
nated and on evaporating in low places leaves a crust of salt several 
inches thick. The less ])ure grades formerly used in chloridizing 
silver ores were obtained from this source. Sodium sulphate and 
other saline minerals are also found at places in the lake beds. The 
sodium sulphate is known to bo several feet thick in places, but it 
has never been completely explored. At the salt works the brine 

> nance, J. H., op. cit., pp. 457-4fi2. 

*Ua£Uc, Arnold, and Emmons, S. F., Descriptive geology: U. S. Geol. Expl. 40th Par. Final Bept^ 
< nussftll, I. c, Geological history of Lake Lah«neatt, a Qnatanary lake of northwestem Nevada: U.S. 

Geol. Survey Xfon. 11, pp. 2^2 23.1, 1SS.5. 

40104°— 18— Bull. 000 10 
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which imprcguftt^ the lake beds was collected in welb and was 
then pumped into surface vats, where it eraporated, and the resul1>* 
ing crust was gathered. The brine from the wells has been analyzed, 
with the foUowiug results: 

Analysis of brt /It . BujTalo /Springs Salt Works. J\'iir//'>e County ^ JSev. 
(Specific gravity, 1.133. F. W. Taylor, analyst.] 



Silica (SiO.) Trace. 

Calcium sulphate (CaSUJ 0. 14«7 

Magnedtun sulphate (MgS04) 8833 

Potassium sulphate (KoSO^) 3111 

Sodium pnlphafo i Xa.SO^) 5306 

Sodium ( hloride (^.NaCI) 14. 8383 

Water (UjO) 83. 2900 



100.0000 

tTLhXK ooxnrrT. 

YIRQIN RIVER SALT DEPOSITS. 

Virgin RiTer valley is mostly in Nevada. Rock salt occurs in 
this valley a f tnv miles north of the Colorado in beds that lie below beds ^ 
of gypsum. The present e of the gypsum and salt indicates that the 
formation contain^ them is not a part ol the overlying Temple Bar 
conglomerate (Quaternary), which does not contain gypsum or 
salt in the typical exposures so far observed. The stratigrapliic 
position of the saline beds indicates that the formation containing 
them may be the time equivalent of the Greggs breccia (Tertiary). 

The cliffs of salt, which are remarkable, are exposed in natural 
outcrop along the valley of Virgin River. (See PI. XIII.) Although 
these have attracted attention from the days of earliest exploration 
in the West, they lie in a region that is not readily accessible, and 
the salt has not been utilized except locally in a very small way. 
•Hoyt S. Gale contributes the following notes regarding the deposits : 

The salt ledges are exposed at several places along both sides of 
the Virgin River valley between St. Thomas and the mouth of the 
Virgin at Colorado River, the outcrops extendmg over a distance 
of at leiLst 12 miles. Similar outcrops are also reported 30 miles 
east of St. Thomas, so it appears ovidoTit that tiie salt was onn:nially 
a continuous and widely distributed stratum laid down during the 
formation of a certain part of the sedunoutary rocks of this part 
of the country. The salt is associated with a great thickn^^ss of 
gypsum and gypsileroua shales and is hicluded in a series of charac- 
teristically red shales and sandstones, usually referred to iis **Red 
Beds, ' of Triassic or Permian age. The beds including the salt 
have been very much fnultod and folded, and the present outcrops 
represent disconnecte<i parts of them. Only in ex eptional positions 
has the salt itself l)een preserved in open exposure or under shallow 
cover above ground-water level. 
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A. SALT EXPOSED ON WEST SIDE OF VIRGIN RIVER 5 MILES SOUTH OF ST. 

THOMAS, NEV. 

Photograph by N. H. Darton. 




£. SALT ARROYi> M:aH VIIUJIN illVKIl l»(H |i)M 5 MILES SOUTH OK ST. 

THOMAS. NKV. 

PhutoKraph hy N. H. Durtun. 
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Xt k natural to look to suoh a region as this for the possible 
ooeniFence of potash^rich portions of these saline deposits. The 
lajTgest salt ledge exposes an almoet vertical face of solid crystal- 
lixLe salt; representing a bed at least 100 feet in height, in nearly 
lioiizontally bedded position. The base is concealed, so the bed 
xnay be actually much thicker. The top of the salt is very sharply 
defined, and the bed is oTerlain by reddish clay and hi^^er in the 
Beetion by gypsum, shale, and red sandstone, the beds including 
also an interbedded flow of daric lava. Samples of the salt dug 
from the face of this cliff haTc been analyzed with the following 
results: 

Tests oj BOMpks Jrom Salt Cliffy 3\ miles sotith of St. Thomas^ on Virgin River^ Nev. 



So. 


Pistanco 
below top 
ofoUff. 


Soluble 
portion. 


KClin 
soluble 
portion. 




Feet. 


Per cent. 


Per cent. 


1 


flO 


W.98 


0.29 


2 


50 


98.52 


0. OS 


5 


40 


97.12 


0.09 


6 


» 


W.88 





The great naass of crystalline translucent salts appears to be ralher 
uniform in composition, though it contains an interbedded layer of 
gypsiferous clay a few inches thick. So far as present evidence goes, 
it appears to carry no potash-rich layers. 

The other salt cliffs or exposures down the Virgin River valley, 
including the last one just below the "Narrows," about 6 miles above 
the mouth of the Virgin, were examined and some samples taken , with 
results similar to those already ^ven. A salt well near Colorado 
Biver below the mouth of the Virgin was also visited and sampled, 
and the results of the tests are as follows: 

Potasiitan (Moride in tolubSe portion o/sampUs f rom Mft todl on Colorado Rwer. 

Percent.' 

Biine containmg 30.77 per omt ol duMlvad lalti 2. 39 

Efflorescence about lim of wiell coatainiiig 33.31 per cent of nuttter 
soluble in water 1. 68 

Samples of river water above and below 1^ salt field were tal^en 
to obtain infonnation concerning salt beds that were being leached. 
Tetta t^aamplet cf tpoter/rom lower Vkffkt Ither DoSUy, Nm. 





Total soln- 
ble salts. 


KClln 
total salts. 


KurTacc slrcatn in j^vpsum beds on '' J)iehl potash claims" , 

8ocp in IJitter spring draw 


Per cent. 
0. 97 
.38 
4. 19 

. 3t5:> 
.m 


Per cent. 
X07 
7.82 
.28 
Notdet. 

4.fl9 
Notdct. 


Water from shaft on *' Diehl potash claims" 


Virjcin River water, bolow the salt clilTs, :> miles above nMatll 



• Ihis lesull may be too high, sample was ditheuU to lUter. 
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Pr()hui)ly thn object of those last tests was not nrromplisLic^cl 
because the test was not complete enough. One result, that from t>io 
seep in Bitter Spring Draw, which prave 7.82 per cent of ])otassiijjax 
cliloride in the salts dissolved in a rather dilute water, may be of some 
siijnificanre. Of itself, of course, so dilute a water could be of xio 
value, and tlio (piantity of the ilow is insignificant. 

potash may be present in this area, in association with salt and 
frypsnm, but no vcTydelinile indication of its existence, certaiiUy not 
in commercial quantity, has been brought to light. 
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' NEW 3CEXIC0. 

PRODUCTION OF SALT. 

That the actual commercial output of salt in New Mexico is and has 
been small is not due to a scarcitj ol salt. The salt-bearing lakes or 
salines of this State are to be considered among its important future 
resources. Little of the product is exported, but a considerable quan- 
tity of crude salt is used for salting stock. The salt thus used is gath- 
ered by scraping up the deposit formed about salt springs or as a thin 
layer on the surface of the salines or playas during the dry season. 
The principal lake-basin deposits are those in Estancia Valley, from 
which a small production of salt has been reported during recent 
years. 

SALT DEPOSITS. 
OKSS&AL 0201.0010 OCOTTRREirCE. 

Salt in New Moxieo occurs chiefly in the upper Carboniferous **Red i 
Beds." It is noteworthy that salt acciimiilatod in this region mainly 
in upper Carboniferous time and that conditions favoring its deposi- 



Digitized by Gcaj^ 



KEW MEXICO 



149 



tion prevailed over a wide extent of territory. '*Red Beds" underlie 
tho greater part of New Mexico, they outcrop in nearly half the State, 

and there is more or less salt and gypsum associated with them 
throughout their extent. It does not follow from these facts, how- 
ever, that salt in commercial quantities may be found everywhere 
in the "Ked Beds," but t he association is so general as to be a helpful 
guide in tho search for both salt and gypsum. The salt worked so ^ 
fnr has all been in more recent deposits, probably derived in part 
directly from the "Hod Beds" and in part from springs flowmg from 
them. 

ESTAJTCZA SALT BABUK. 
LOCATION. 

The salt htam of Estancia Valley is in the central part of Tor-* 
ranee County, near the geographic center of New Mexico. It lies 
in a depressicm having no outlet. This depression has a maximum 
extent of about 65 miles from north to south and- 40 miles from east 
to west and has an area of about 2,000 square miles. The valley is 
traversed by two railroads, the Panhandle division of the Santa Fe 
system and the New Mexico Central Raikoad, both of which pass 
near the, salt basin. 

OBOLOOY. 

West of the valley are the Manzano Momitains, a high range com* 
posed largely of metamorphic rocks, including schists and qnartzites, 
with associated masses of granite and other igneous rocks. This 
range forms a sharp diWde between the Estancia and the Eio Grande 
basins. On the east are the Hills of FedemaL, made up principally 
of quartzite. Mesas and isolated moim tains form the north rim of 
the valley, and the Mesa Jumanes bounds it on the south. 

EXTENT OP THE ANCIENT LAKK. 

. At the period of its greatest extension the lake that occupied the 
central portion of the valley was about 35 miles long and 23 miles 
wide; its area was approximately 450 square miles. Its maxinnim 
depth at this period was about 150 feet, and its shore line, which 
nearly coincides with tho 6,200-foot contour, was about 150 miles 
long. If the ancient lake were now in existence several of the villages 
in this region would be imder water. The evidence of the existence 
of the ancient lake in this valley consists of shore features and lake 
Bediments. 

CHARACTSR AND EXTENT OP THE DBP08ITB. 

The salt basins in the Estancia Valley arc not remnants of the an- 
cient lake but are rather distinct basins sunk below the level of the 
plain by which they are surrounded, and most of them are bordered 
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by definite and nearly yertical walls. Tlieir flat bottoms coincide 
practically with the ground-water lev^ and consist d mud coyered 
with crusts of salt, but after rains they may be covered witk water* 
The floor of one basin — Salt Lake (Laguna Salina) — is covered with 
salt sufiiciently thick and pure to be commercially valuable. Thia 
layers of bloedite crystals (MgS04.NaiS04.4H,0) occur here, tliis 
being one of the two recorded occurrences of this mineral in the United 
States. 

The largest basin, Dog Lake (Laguna del Perro), is about 12 miles 
long and covers an area neariy equal to the combined areas of all the 
other basins. Altogether there are scores of salt basins, and their 
total area is estimated at 13,500 acres. 

According to Meinzer,* the most reasonable hypothesis to account 
for the salinity of the water is that at several horizons in the valley of 
the central area there are beds which were impregnated at the time 
of their formation with salt deposited by evaporating waters and 
that afterward these beds were buried under later accumulations. 
It is likely that the shallow slieet of brine coincide.-^ approximately 
with a buried deposit of salt, laid down at the bottom of the ancient 
lake at a certain stage of its existence. This hypothesis would also 
explain the sliar]i boundary of the saUne area. Tlie geologic liorizoa 
of the zone from which the salt is su])posed to have been derived 
originally is that of the Carboniferous ''Ked Beds." 

SALT LAKES OF TKE WHITB BMMD VUkm. 

The White Sand Plains of New Mexico are in the Tularosa Basin, 
which includes parts of Dona Ana, Socorro, and Otero counties. The 
extent of these plains frooi north to south is about 35 mile.-: their 
greatest breadth, at their southern margin, is IS miU's. The lines . 
connecting the extreme points are irregular, inclosing a roughly tri- 
angular area of about 350 squai'e miles. To this area may be added 
a tract nearly as large, comprising saline land on the west and that in 
isolated localities on the south. The whole plain is Quaternary, but 
inasmuch as it is either higher than the rest of the baan or is more 
completely drained to the south, the saline materials are not brought 
to the surface.* 

The salt flats occur among the gypsum ridges. This occurrence 
of the salines accounts for the most curious and notable of tbe many 
peculiarities of these plains, namely, the dunes of white sand from 
which the plains take theur name. These drifting sands are almost 
pure gypsum and are derived from the gypsum sand formed in the 
lakes. ' The common salt and the alkaline salts are also driven with 

1 xcoinzer, O. E., Geology and water resources of Estancia Valley, N. Hex.: U. S. G«oL Sorvey Waters 
!^ 1 ; ; y Paper 275, p. 51, t9IL 

' Hirrkk, c. L.,TlwfBalag70(llM wlkltoMHidsol N«wlftxioQ: NtvMnlboUiiiT. BaIl.,Tql.a»fMPic)li 
3, p. 12, 1900. 
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the gypsum, but on account of their solubility they do not remain 
in the dunes. These dunes lie to the south and east ol the flate 
whither they are driven by the prevailing ^vinds, and they not only 
cover a large part of the salines themselves but form a growing 
fringe to the east and south. The soil underneath them is impregnated 
with salt and soda, and salt lakes are scattered over the area. Near 
the southeastern limit of tho sands is a salt lake which for many 
years has been a soiu'ce of salt for the surroimding ranches. Near 
the south end of the basalt flow, about a mile from the Malpais 
Spring, there is still another small salt lake, which hkewise has 
furnished salt to ranches within a large radius for many years, and 
whi(;h is usually covered with a thin crust of pure salt. Farther 
west, along the course of a drainage arroyo, are numerous salines and 
alkaU flats, which gradually broaden and form what may be described 
as one vast alkah and salt plain, in which brine stands for part of 
the year. Where these arroyos end in the salt lake and along the 
shores of the lake are erosion bluffs, some over 20 feet high, in which 
are exposed tlie various deposits of the valley lilhug, some of reddish 
tint, with their contained saline and gypsum deposits. 

llerrick ' has given a detailed description of the general geology 
of this region and of Lake Otero, as he has called the basin. The 
sahne beds comprised in the lake bai»in are odJed the Otero marls by 
Merrick, who says in his later descriptions of the salines: 

The salts upon the playas differ in different cases. In some cases, when dry, there 
is a Iiiypr of nparly pure salt (chloride of sodium ) several inches thick . More frequently 
other e^aii.-^ occur in considerable abundance. When carbonate of soda preponderates 
it will often form a dense crust in which little comnum nit ii » prominent ingredient. 
BoiBx and carbonate ci potaBniun alao ogcw under somewhat different oonditiona. 
There seems to be considerable uniformity in the u di< > unt of lalt in theeeveral diAisiona. 
Thus in the seiies of plaj'as north of flio Ijai rier above de.s< ribed as separating the 
great western .salt lakes into two portions an a\ crai,'!; of two sainplt-s gm e o^'er 6 per 
cent of salt, while to the south the Soda Lake, which is tho southern pari of this chain, 
gave an average of 14.6 per cent* beeideB large quantities of othwr salts. This might 
aeon to indicate a tmdency to ooncentiate toward the aoutbeni part of die ana. 
Nevertheless the area near '^lialpais Spring," which issues from the southern end of tlie 
lava sheet, ami the flatfl of the northern end of the old Lake Otero ure heavily charged 
with salt. An averse of over 15 pt r cent was found here without includiog several 
lakes whence commercial supplies of bait have been taken and which afford a con- 
tinuing Bopfiy of the pure mineral. 

All the arroyos in the east aide of the basin are saline. The wator flowing in Lost 
River, for example, carries 7 per cent salt, while soil in Tularcxsa Arroyo runs 7.8 per 
cent. The Halt lake into which Lost River flows is saturated brine and fiirni«!if'^ 
commercial supplies. Analyses of the "white sands" show that this gypsum tmnd. 
contains very little salt. 

i Uwxicky C. Ij., lAko Olera, aa aoeieat saU lake ba&ia ia soutbeasleru New luexko: Am. Uenlogiik, 
Tol.M»pp.iao.|S7»19(U. 
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MeiDzer and Haie ' state that the deposits of sodium chloiide, or 
common salt, aud sodium sulphate, locally and incorrectly called 
"soda," are found in certain low ])lacos. Thin crusts of salt occur 
on the small northern alkrJi Qats, in places along Salt Creek, and in 
some of the aiToyos and small flats oast of iho wMtesands. Thesalines 
were formed in part when the ancient lako dried up. They ^v^ro also 
formed in part and are still being formed by the eraporation of min- 
eralized ground waters that reach the surface through spiings and by 
capillary action. Of the sodium salts common salt is the most abun- 
dant, but in certain localities the sulphate predominates. 

Frec;^ who examined the basin of Lake Otero, concluded that potash 
salts do not occur in commercial quantity as surface deposits, as the 
mountains bordering the basin are made up of rocks almost entirely 
of sedimentary origin, and hence can not be expected to carry or to 
yield any significant quantity of potash salts. He estimates that less 
than jS per cent of the exposed rocks in the drainage area are potaiedi 
bearing and therefore concludes that potash salts are not entering 
the present drainage basin and that the supply in the past was prob- 
ably no greater than at present. Though saline beds probably under- 
lie the present surface of the basin, the chance that potash salts may 
be found associated with them is considered neghgible. Free ex- 
presses the opinion that the chances for finding buried beds of potash 
salts in this basin are less than in many other undrained basins of 
the region. 

ZUNI SALT DSP0SIT8. 

Tlie Zuni salt deposits of New Mexico are in the northwestern part 
of Socorro Coimty, about 80 miles south of Gallu]>, which is on the 
main line of the Atchison, Topeka & Santa Fe Railway, and about 
the same distance west of Magdalena, which is on a branch line of the 

same system. 

The salt deposits occur in a lake and in part of a deep depression in 
a plain of Cretaceous sandstone. The depressfon is about a mile in 
diameter and is inclosed by walls of sandstone, capped in part 

by lava, and averaging 150 feet in height. The lake is about 
4,000 feet long east and west and about 3,000 feet wide and is appar- 
ently shallow. The water is practically saturated with salt, which 
crystalhzes out, especially where the water is most shallow. lu the 
southern part of the lake extensive bodies of salt rise a few inches 
above the surface of the water. 

The lake ia fed by a s])riiig or springs below the water level near 
the southern margin. The springs are believed to emerge from "Red 
Beds,'' which occur at no great distance below the bottom of the 

1 ^iciiucr, o. E., and Hare, R. F., Geology and water naoaioM of Tulairon BaBiii» K. Ksz.: U. a OwL 
Survey ^'ater-Supply Paper 343, pp. '42, 130, 
t FiM^ £. E., U. B. Dept. Agr. Bur. SoibCilC. 61, lUX 
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depression and are usually sliglitly saline. In tiie .southern ])<)rt 
of llio lake are two cinder cones, one of which contains a crater 
tluit has a salt pool in its bottom, in wliich the water stands at lake 
level. Tlie water in this pool is salty tkougli somewhat less so thau 
that in the lake. 

It is probable tliat at one time the lake fiUed the entire depression, 
but owing to evaporation and the deposition of wash from the adjacent 
slopes it has slmmk to its present size. Extensive bodies of salt will 
probably be found })elow the bottom of the lake and along its shores. 

The deposit has been a source of sii])ply for Indians and Mexicans 
for centuries, and the stilt is still collected by a small colony of Mexi- 
cans in a very crude manner and is hauled to the surrounding ranches. 
A large output coidd be obtained by solar evaporation of the lake 
water, if the demand justified the effort. 

The soluble matter in samples of the brine and of the mud from the 
bottom of the lake analyzed in the laboratory of the United States 
Geoic^cal Survey is nearly pure sodium chloride. 

OTHEB LOCALITIES. 

The water of a small lake 1 5 miles southeast of Carlsbad, sampled 
by Ilance ^ and anjdyzed in the Survey laboratory, contained 11.15 
per cent of dissolved salts, 0.85 per cent of which was potash. The 
dissolved material pr()bait)ly came from the adjacent rocks, which 
belong to the "'lied Beds." A lake at Playas reported as jdkidine 
was also visited l)y llance,^ but the water in it was found to be com- 
paratively fresh. At certain seasons of the year the lake bed is 
entirely dry, but even tlien very little alkali is present. 

There are many sjdt sprmgs in Kew Mexico, but salt is not obtained 
from them except for local use. One large spring is on the Rio 
Salada, 30 miles northwest of Albuquerque; another is 20 miles west 
of Belen, and a tliird is at the south end of the Malpais in Tularosa 
Valley, 48 miles northwest of Alamogordo. There are scores of small 
salt springs in this State. 

The "Red Beds" which underlie the Pecos VaUey and Staked 
Plains in Eddy, Chaves, and Roosevelt counties contain many thick 
beds of salt of wide extent, but they lie far beneath the surface. 
Information regarding them is derived from records of scattered 
borings for water or oil. These salt deposits are 300 to 600 feet 
thick and occur in heavy beds separated by layers of cl iy or sand; 
in part of the area they lie only a few hundred feet below the sur- 
face. The 2,60(^fpot boring at Carlsbad penetrated many thick salt 
beds in this area; they have been reached also by borings east of 
Artesia and Roswell, as well as by numerous deep holes in the Staked 

* Riaoe, 1. H., Potaidk In wcstmi »liiw depositR U. S. Owl. Sumy BuU. 640, pp. 1913. 
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Plains regioa in western Texas, some of them not far east of ihe Ne>«r 
Mexico line. 
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ABJZONA. 

Though no Bali is produeed at present on a commercial scale in 
Arizona, the mineral exists m appreciable quantities in places. 

OCGUB&ENCES. 

Common salt and other chemically precipitated salts have been 
deposited along ivith clastic sediments from the river water in the 
valley of Salt River. These salts do not form important deposits in 
the geologic sense, being irregularly diffused through the sediments 
comprising the valley fiO, but they are of great economic importance 
because of their effect on the river water. The salt (sodium chloride) 
in Salt River is thought to be derived from large salt springs in the 
upper reaches of the river. The water issuing from these sfanigs has 
been described as a weak brine. 

VmOIlT RIVER VALLEY.' 

Virti^n Kiver valley is mostly in Nevadu, but its geology hns been 
Studied rliiedy from tlio Arizona side of Ooiorado River. Between 
Temple Bai' aiid Boulder Canyon along the northwestern boundary 

1 Brawns, J. B.t Basourras of Uie PadOc alope, p. til, Sua Fnodaco. 1809. 
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of Arizona Colorado Eiver crosses aa old debris-filled valley. The 
old valley fill is composed of two distinct formatioiiB, the older con- 
sisting of sand and clay beds with important gypsum deposits. Bock 
salt occurs in the Virgin River valley a few miles north of the Colo- 
rado in beds similar to those containing the g^^psum. 

The salt deposits are described under Nevada. (See pp. 146-148.) 

OTHER LOCAUTIES. 

Blake * refers to the occurrence of rock salt disseminated in the 
beds in the valley of Verde River, Yavapai County, in the south* 
central part of the State. 

Thougli a prehistoric lake covered Cochise Flat, which is ahout 50 
square miles in area and borders the Southern Pacific Railroad in 
southeastern Arizona, no notable con^-en (ration of salts seems to 
have taken pi < o there. A sample of the efflorescence contained 
11.74 per cent of soluble material, 1.29 per cent of which was potash.' 
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UTAH, 

The nonmetaUic mineral resources of Utah* like those of other 
Western States, are still so little known that descriptions of almost 
any class of them are incomplete, particnlatij of deposits of rock 
salt and underground hrine. 

The salt industry of Utah, which is important and flourishing, is 
located mainly on the east shore of Great Salt Lake, at Saltair, 15 
miles west of Salt Lake City. Some salt is produced also at Garfield* 
AU the salt now and heretofore obtained along tlie lake shore is pro- 
duced by solar evaporation of the water of the lake. 

PRODUCING JX)CALrriES. 

The most important occurrences of salt in the State are as brine 
in the water of Great Salt Lake; as rock salt in Sevier Valley, near 
Salina, Redmond, and Gunnison, in Sevier and Sanpete counties; as 

• Blake, W. i\, Am. Jour. Sci., 3d ser., vol. 39, p. 4-1, IS90. 

« BaMtBBf S, H., Potaah la WMtem salliM depoBlts: V. 8. G«ol, Samy Ball. $40, p. i», 1M4. 
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rock salt east of Nephi, Juab County, where brine also is found; as 
6alt lake crusts near Clear Lake, in the eastern part of MiUard County; 
and as brine at Salduro Salt Maiah, Tooele County. (See H. XIV, AJ) 
Salt is or has been produced at all these localities. 

OBSAX SALT LAZB. 

Production has been reported from time to time along the shores 
of Great Salt Lake in Box Elder, Weber, Davis, and Salt Lake coun- 
ties, but with the exception of the works of the Inland Crystal Salt 
Co., at Saltair, the operations are small and are carried on somewhat 
sporadically. Small quantities of salt are reported to have been 
gathered recently at Promontory Point, Box Elder County, at 
Withee, Weber Cotmty, 15 miles west of Ogden, at Syracuse, Davis 
Coimty, and at Garfield, Salt Lake County. The processes of evapo- 
ration employed along the lake shore are generally similar, and the 
methods of the Inland Crystal Salt Co. are typical.^ The chemical 
compodtion of the lake water is discussed on pages 220-221. 

SEVZES VALLEY. 

Salina, Redmond, and Gunnison are in the valley of Scrier River, 
.the first two places in Sevier County and the last in Sanpete 
'County. The rock salt mined near these places is ^iMained entirely 
in open ciits^ and the views given show the method of procuring it 
(see PI. XIV). Several smaU mines are in operation on each side 
of the valley, most of them being on the west side. Some are as 
much as 50 feet deep. Though the deposits on the west side are close 
to the wall of the valley, they nevertheless lie definitely within the 
valley proper. The deposits of the Gunnison Valley Salt Co., how- 
ever, lie well up on ihe eastern vnlloy wuU. 

The salt occurs in places in thin beds apparently separated by 
layers of clay. At the mine of the Inland Crystal Salt Co. the beds 
appear to have been disturbed and to stand on edge. On the east 
side of the valley the structure is more complex and the beds are 
involved in folds or faults, possibly in both. The salt occurs also 
massive in places. It is found impregnated with red clay, and the 
deposits are covered by a thin mantle of residual day left by the 
leaching of the accompan\nng salt. 

As to the age of the deposits, on maps of the TVTieeler Survey,* 
iho general area occupied by tlie salt })eds is may)ped as Quaternary, 
with small areas of Jurassic. In another place Howell ^ says: 

Salt is found in apparently inexhaustible quantities in a red clay of JurasBic age 
noar Mount Nebo, on Salt Greek; on the west side oi the Sevier Valley between Gun- 

1 T'haleu, W. C, Tedmology of salt makinu. in tho United States: Bar. llines Bull. 146, pp. 4a<S>, 1917. 

« U. S. Geog. Surveys W. 100th Mer., atlas sheets 50 and 59, lS7o. 

» UowelJ, E. E., U. S. Geog. Surveys W. lOOth Mer. Final Rcpt., vol. 3, pp. 2G3-2M, 1875. 
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nison and Salina, a lew miles south of Salina; and in Saliiut Canyon. These salt 
depoeits are all d excdlent quality* being ranarlcably free bom sulphates and fiom 
the other cbloiidee. 

Thus the age of the deposits under discussion is given as Jurassic 
by the geologists of the Wheeler Survey. 

In the geologic reconnaissance map accompanying Richardson's 
report on underground water in Sanpete and central Sevier valleys, 
Utahj* the areas containing the salt are mapped provisional! j as 
Jurassic. They are regarded by Bichardson as certainly older than 
Cretaceous. The salt deposits west of Sevier River are associated 
with two Jurassic inliers in Quaternary beds and extend for a total 
length of about 6 miles; the deposits east of the river are in Jurassic 
beds and extend intermittently in a northeast direction for approxi- 
mately 35 miles. 

Regarding the rocks of the Jurassic and the associated beds of salty 
Ridiardson states: ' 

So far as known, the oldest rocks of Sanpete and Sevier valleys are of Jurassic age. 
They consist of a considerable but undetmnined thickness of fissile clay ahales, gen- 
Cfally drab iu color but locally red, with some intercalated layers of drab sandstone 
ranging in thickness from a few inches to a few feet. I.enses oi frypsum nnd rock salt 
are irregularly interberMe*! (liroiighoiit the formation. Thc^e racks oulcrop in a range 
of low hills, about 30 mileu long and 2 mileti wide, that extend along the eotitera margin 
of Sevier Valley from Gl«iwood to the vicinity of Mayfidd. A less extensive outcn^ 
oocum in the center of the valley, mostly west of Sevier River, between Redmond 
and Gunnisan. On the east a fault causes these Jurassic strata to abut against Ter- 
tian' beds, as mentioned later, but relations are irenerally concealed by Quaternary 
deposits. The hills are practically bare of v^etation, and the soft beds have been 
eroded into badland topography. These rodcs are of no value in the recovery <^ 
undeigroond watv. They exert, however, an important deleteriouB influMice upon 
the character of streams with which Ihey come in contact because of the ready solu- 
bility of their interbedded salt and gypsum. 

Dutton* does not indicate fhe presence of Jurassic beds in the 
SeTier Valley west of Sevier River in the vicinitj of Salina^ Red- 
mond, and Gunnison. The Jurassic is indicated, howev^, east of 
the river. Dutton explains in the preface to his report that the 
greater portion of his time was devoted to acquiring a general and 
connected view of the broader features of the geology of this region, 
and that details could not receive the attention wliich their impor- 
tance rcaJIj demanded. For this reason it is possible that a small 
area iu the Talley proper may have been overlooked. In describing 
the Jurassic system, however, no mention is made of salt occurring 
in it, but the presence of gypsum is noted. 

> Ridiflrdwa, Q. B., TTndergroUBd wator in Saapeto and oenlnl a«Tiar valleys, Utah: U. B. Q«6I. Bar* 

vey Wator-Siipply Paper 191^ pi. 1007. 

* Op. cit., pp. 8-9. 

* Datum, C, E., Report on the geology <rf tbe high plateaus <rf Utah, attas diert 2: tT, 8. Geog. and 
CM. Sgrv»r Rooky ICtn. region, 1880. • 
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VBFHi; JVA» COVSTT. 

The salt deposits east of Neplii, Juab County, are in Salt Creek 
canjon. They have been worked on a small scale, but no rock salt 
is now being taken out. Salt springs occur in the district, and from 
the brine of one of these springs salt is made at a small eraporating 
plant belonging to Jackson Bros., of Nephi. 

The deposits of salt in tliis locality are among those mentioned 
in the quotation aboYC by E. E. HoweU, of the Wheeler Surrey, as 
occurring on Salt Creek near Mount Nebo. On the alias sheets of 
that Survey the rocks of the locality are mapped as Jurassic sedi- 
ments and the mass of Mount Nebo to the north as composed of 
Carboniferous rocks. The salt occuis in the area mapped as Jurassic, 
and the springs probably originate along the fault plane and en- 
counter salt beds before they emerge at the surface. 

CLEAH LAKE, Mil. T, A HP OOtTKTT. 

The salt deposits of Clear Lake, Millard County, are derived most 
probably from beds of Quaternary age. The salt occm^ in the waters 
of a salt lake found in the Quaternary basin of ancient Lake Bonne- 
ville. During the dry season the water of the lake dries up and 
leaves a crust of salt, which has been gathered and used. No salt is 
now produced. . 

aALDUBO SAI.T imtSR, VWOOM OOUVTr. 

In Ike northwestern part of Utah, west and southw(\st of Great 
Salt Lake, is a desert of enormous extent, over a giout purtuii of 
which a crust of salt was deposited from the waters of Lake Bonne- 
ville. The waters of this ancient lake have receded greatly and have 
left only remnants, the most important of which are Great Salt and 
Sevier lakes. The waters, on evaporating, left bodies of salt, of 
which that covering the floor of Great Salt Lake Desert, in Tooele 
County, is an example. Other deposits of salt are probably buried 
and will be revealed only by drilling or by seepages from springs. 
Only a little of the salt from this desert has been utilized, and this in 
recent years, but plans are now under way to obtain salt commercially 
from the Salduro salt marsh. 

Salduro salt marsh, in Great Salt Lake basin, is west of Great Salt 
Lake and on the main line of the Western Pacific Railroad. It was 
examined with special reference to the possibility of obtaining potash, 
in October, 1914, by H. S. Gale, of the United States Geologicai 
Survey, who contributes the following notes: 

Sevml shallow holes were bored through the hard surface salt 
crust that forms the floor of this basin and into the underlying mud. 
Analyses of samples taken from these borings show tiiat die surface 
salt is comparatively pure sodium chlcn'ide, containing an exceedin^y 
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small quantity of potassimik Th/B water-soluble potassium con-* 
tained in the mxderljing mud ranges from about 1.8 to 3.5 per cent 
(expressed >8 K) of the dissolTed salts inehided in the mud^ "which 
salts formed about 12 to 15 per eemt (tf the entire samples taken, 
about 5 to 7 per eeat of the samples being water. Brines were found 
both in the salt orust «id m the underlying mud and on analjsns 
prored to be saturated sohttiona earrying 25.6S to. 26.85 ]>er cent 
d]88ol?ed saltBy oi which 2.S to 4 per cent was potassium (expressed 
as K). This is equivalent to 0.75 to 1.03 per cent of potassitmi in 
the entira sohztion, or only about half the potassium content of 
the brine in Searles Lake, GaL It is, however, about double the 
potash content of the water ol C^eat Salt Lake (0.34 per cent potas- 
sium in the sample takoa in October, 1913), which, however, is not 
usuaQy a saturated solution. The bfine at Salduro appears to flow 
freely into hoks cut into tiie salt or mud. It is possible that potash 
might be produced there in some fonn, perhaps as, a by-product of 
some other industry, or perhaps only under the stimulus of present 
abnormal conditions. 

Other occurrences of salt in Utah are in Little Salt Lake, Iron 
County; south of Beaver, in Beaver County; and in the salt marshes, 
in Snake Valley, in the western part of MUlard County. 
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CAUFORSrZA. 

Califonua ranked aiztk among the States in the quantity of salt 
produced in 191$; in rolae of output the State ranked £fth. 
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OCCUHBENCE OF SALT. 

Salt occurs in California in practically every known form. In solu- 
tion it isfoujid in the Pacific Ocean, which borders the entire length. ' 
of the State; in salt springs; in salt lakes or marshes; and in saline i 
streams, of which certain tributaries of Salinas River, in San Luis 
Obispo County, are examples. In Inyo, San Bernardino, and other 
counties in the Great Basin, man}' springs and streams are sHghtly 




FiacBE 10.— Map showing drainage boimdarj' and I'leistocene lakes of the Great Btuin. (After H. S. Gale.) 



brackish or salty. Many of the so-called alkaline or salt lakes con- 
tain water only during certain seasons of the year; during the dry 
seasons they are covered Avith a crust of salt, locally several inches 
thick. The Great Basin region (see fig. 10) contams many of these 
marshes, playas, or lakes, from wliich the salt may be collected by 
scraping the crust. In addition to the deposits of salt resulting from 
the evaporation of these saline solutions, rock salt undoubtedly will 
be found, either disseminated or segregated in beds or masses, in the 
sediments of Quaternary lakes. These salt deposits have originated 
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in the' periods of desiccfttion that were followed by periods of depo- 
sition, of clastic materials at certain stages of the lakes. Rock salt 
occnrs in a few deposits in the earlier lake beds, of whicb the deposit 
on tlie north side of the Avawatz Mountains is a fine example. (See 
PI. XIV, p. 156.) 

PBODUCING W)OALITIES. 

More tiiaii 07 por cent o( llic salt ])rocIucc(l in Cdifornia is obtained 
by the solar evaporation of ^^ea water along tke coast, where the main 
centers of population airord an imiru'diatc market for the product, and 
tlie cost of transportation is reduced to a niinnnum. Most of the 
solar salt, including the finer grades, comes from the shores of San 
Francisco Bay, iuiUameda and San ^f ateo counties. The headquartera 
of the salt industry are at Alvarado, Newark, Mount Eden, Russell, and 
Baum])er<^, formerly -iVilTs, in iVlamcdaCounty, on the east shore of San 
Francisco Bay, and at Redwood City and San Mateo, in San Mateo 
Connty, on the west shore. In the southern part of the State solar 
J:; alt is made at Ostend station, near Long Beach, Los iVngeles (.'onnty, 
an<l on San Diego Bay, San Diego County. General methods of pro- 
curing tiiis salt and preparing it for market ar(? described in the bullethx 
on the technology of the manufacture of salt.* 

In addition to the output along the coast, salt has also been pro- 
duced in small quantity in recent years at inland points as follows: 
Ti'aniway (Keelerpost office), Inyo County ; Ward, San Bernardino 
County; Saltns (.Vinboy post oflice), San Bernardino County: Cedar- 
ville, Modoc County; Ceneda, a few miles southwest of Randsburg; 
and Saltdale, Kern County. 

COLUSA COUNTY. 

About 25 years ago the manufacture of salt was begun at certain 
brine springs near Sites, Colusa County, and has continued more or 
less intermittently at that locahty ever since, though the latest 
reports are that no more salt is being gathered. A number of other 
salt springs are known in difterent parts of Colusa County. 

IKYO COUJJTY. 

Inyo County is in eastern California and is wholly within the 
boundaries of the Great Basin. In this county are included Owens 
Lake, Death Valley, the Saline Valley salt marsh, and the dried 
yalleys of numerous other salt lakes. 

1 1'haleu, W. 0., Technology of sail uiaking m the United States: Bur. iijbaea Bull. I4ti, pp. 40-48, 1017. 
40104**— 18— Bull, two 11 
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OWENS I.AITF. 

By il,. S. (iALE. 

OENEltAL lEATURES. 

The salts found in solution in the water of Owens Lake have been 
brou«:ht in by the rivers that enter it. The salts dissolved iti the 
water of Owens "River h;n'e beeti carefully studied in ei^nneetion 
with the diversion, ot" the river for the Los Angeles municipal water 
supply. Xn estimate has been published giving the content and 
total weight of diissolved salts in the water of Owens Kiver at 
CharUcs Butte from November, 1906, to November, 1907, a period 
of 13 months.^ This estmiate is based on deternimations made 
on 40 or more samples coUeeted at different times throughout the 
yciir, and according to it the average dissolved salt content of the 
river water for that year was 278 partjb per inillion. The mean of 
thirty-six 10-day composite samples collected fropi December 31, 
1907, December 31, 1908, showed the mean salinity of the river 
water for 111 at period to be 339 parts per million.^ The latter figures 
indicate a greater concentration, but the discharge in 1908 was only 
little more than half that of the preceding year. Thus the saline 
material may prove to be very constant from year to year when all 
the compensating factoids are (considered. 

The salts that accumulate in the water of the lake do not at all 
represent the constituents brought iji hy the drainage, for it is well 
known that those constituents undergo many changes, which result 
in their precipitation after tuey reat h the lake as well as earlier, 
duiing their stay in the tributary waters. Two radicles, however, 
that are stable under most conditions are the sodium udd chlorine 
radicles, and from the data accumulated for the year 1908, it is esti- 
mated that 17,000 tons of sodium and 9,500 tons of chlorine were 
contributed by Owens River to Owens Lake during that year. The 
figures of course represent the sodium and chlorine content of water 
passing GharEes Butte and not the content of the river as it enters 
the lake. 

coMrosiru^N of thk wateh. 

Owens Lake is a large, shallow body of water in the extreme south- 
ern part of Owens Valley. (See PL XV.) Its water is a dense brine, 

containing common salt, soda, borax, and other salts in solution. 
The lake lies in a depre-^sion which has no outlet, so that its volume 
depends on its water supply, or on the relation of inflow to evapo- 
ration. 

The composition of the water of Owens Tjake is recorded in a series 
of analyses that have been made from time to time, beginning with 
one by J. Arthur PliiUips from a samjdo collected in January, 1866. 
These analyses agree fairly well, lis n}>potii's from the following table: 

t Los Angeles Aqueduct Third ;Um. Rept., pp. 113-114, 1907. 

I Van Winkle, Wftlton, eitd Eaton, F. IC., Ths quftllty ot tba aurfMe mtecs erf Calil(«nia: U. S. Qeol. 
Svmy WataT'Sttpply Papw 2S7, p. lit, luo. 
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In all these analyses bicarbonate in the origiaal aolution is reduced 
to carbonate in the anhydrous residue and is so expressed. In the 
sample of October 23, 19 12, analysed bj W. B. Hicks, the bicar- 
bonate radicle (HCOs) amounted to 4,790 parts per million by weight. 

On the assumption that the lake level in October, 1912, when the 
last recorded sample for fairly complete analysis was taken, was 
about 3,577 feet, a volume of approximately 1,000,000 acre-feet of 
water is indicated. A calculation from the analysis quoted shows 
that the lake waters contain in round numbers as follows: 

Approximate total content of chloruie, sodium, and other substances, in the waters of 

Owena Lake. 

Short t'^T-'^ 

Chlorine 40, OOu, wO 

Sodium 00,000,000 

Potaanum 3^ 360, 000 

Anhydrous boric acid (B^O,) 3. 070, 000 

Total aDhydrouB aaltfl 1<}0,000,000 

TOTAL SALIKB8. 

Tlicsc figures are considerably in excess of the estimates made by 
Loew,^ who calculated 5,000,000 tons of sulphate of potash; but 
Loew's fi<rin-es for volume were very moderate, even for the data 
which he Uiea had, and tlie present estimates hare the advantage of 
much more exact computatiitn-^ of volume. 

The estimate that over 3,(*i)i)JiOO tons of potassium is dissolved in 
the Owens Lake water is doubtless not far from correct, but this 
figure is not intended for direct comparison with tho estimates of 
available potash given for the deposits of Searles Lake. The per- 
centage of i)otash in the water of Owens Lake is so much lower than 
that in the brine of Searles Lake that there is much doubt if the water 
of Owens Lake may ever be used for the extraction of that substance, 
imless it is obtained as a b\-product of some other process, or unless 
the Water sbjdl reach a greater natural concentration. Tliere is. of 
coui'se, a vastly greater quantity of potassium in the water-soluble 
Baits in the Searles Baiiin than that included in the 4,000,000-ton 
estimatt' made by the United States Geological Survey and the 
Bureau of Soils in 1912, 

■ 

By H. S. Gale. 

GBNBRAL FBATURB8. 

Searles Lake or Searles Marsh, also known as Slate Range Mai*sh 
and Borax Flat, is a dry lake basin, superficially mucli like many 
other desert basins of the western arid region of the United States. 

> U. S. rico?. Survpys W- 100th Mcr Ann. Kept., p. 190, 1876. 

* Described here lor oonvenienoc, though it li<^ ohieily in San Bernardino County. 
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These names, as generally applied, refer to the broad, fiat salt- 
incrustcd surface in the center of the desert basin, although, except 
when it is flooded by shallow waters, the region does not contain a 
laJse at all. The basin in which Searles Lake is situated seems to have 
no generally accepted name, but will here be designated the Searles 
Basin. It is a broad, oval valley or depression, extending 8 to 10 
loUes from east to west and 20 to 25 mil s f rom north to south, and 
bordered by the abruptly rising slopes of the surrounding mountain 
ranges. This basin lies between the Argus Kange on the west or 
northwest and the Slate Range on the east, which is a narrow rocky 
wall that divides it from the larger and deeper depression of the 
Panamint Valley. (See PI. XV, p. 162.) The camp at the old soda 
works in the Searles Basin is in the northwest comer of the main 
desert flat, about 26 mjles by road from Searles post oflice, fonneriy 
Garden station, an old stage station of the Overland Route through 
this part of the desert coimtry. Garden station is now only about a 
mile east of the branch line of the Southern Pacific Railroad. Searles 
Lake was reached by the regular stage that runs from Johannesburg 
past Garden station or Searles to Searles Lake and thence on to 
Ballarat and Skidoo, and passenger traffic doubtless still goes this 
way, altliough the branch railroad is now completed that connects the 
Searles Basin with the Southern Pacific main line. 

During a part of the glacial epoch the Searles Basin was occupied 
by at least one deep lake, whose traces are still so distinct as to be 
indisputable. While the waters Ffoocl at their highest IctcI the 
Searles Basin was flooded to a deptli of 635 to 640 feet above the 
present valley bottom, and the lake extended back through the Salt 
Wells Valley and joined a broad, shallow lake that flooded the 
greater part of tlie Indian Wells Vidley. When tlic water level was 
lowered less than 75 feet, tlie divide in the volcanic peaks between 
Indian Wells Valley and Salt Wells Vaile\' became an actud division 
between two distinct l)odies of water, and for a time here also there 
was an overflow from Indian Wells Valley to the lower watei-s in the 
Searles Basin in the same way tliat Owens Valley overflowed and 
BpiUed its waters into Indian Wells Lake. 

These changes m drainage are attested by the remnants of ancient 
shore Hnes and water cliannels. Horizontal beaches and shore mark- 
ings on the more rocky parts of the marginal slopes appear around the 
present valley, though they are preserved in certain places much more 
clearly than in others and have been pnicticalh'^ removed in still other 
places by recent erosion. Tlie old shore lines are more or less marked 
with deposits of calcareous tufa, in some places amounting to very 
considerable masses and resembling tlie tufa deposits of the Lahontan, 
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Mono, and Bonneville baains, described by Eufisall^ and Giibext.' 
Calcareous tufa forms coDspicuons depoeite along several of the more 
distinct shore lines aod coots most of tbe minor ahcue benches. It is 
evident that tiaese d^>oeits are built up horn hme precipitated from 
tiie entering ground or eurfaoe watets, presiunably deposited as these 
solutions became exposed to tfae air and mingled vritii the stroDger 
standing waters of the lake. 

Owens Lake during a period of former greater water supply ovef«- 
flowed the divide at theeouth end of its basiu, md its siirplus watens 
flooded in turn a sucoeesion of lower basins, of which the Seades Bsaio 
was one of the largest. The waters of Owens Luke after passing \]be 
Haiwee divide dropped about 1,500 feet in about 30 miles to Tw^™ 
Wells Valley and there spiead out in a broad, shallow sheet of water. 
This lake in turn also overflowed, its water passing by way of Salt 
Wells Valley and a rock-KHit gorge at the lower end of that valley into 
the Searles Basin. Eventually tiie waU^rs rose in the Seaiies Ba^n 
to such a height that all thiee d these valleys were submerged in 
one continuous body of water. The maximum water levd in this 
basin was clearly determined by the elevation of an outlet pass on 
the south side of the basin, whence its surplus waters flowed into the 
extreme south end of Panamint Valley. In Uie Panamint Ba^ a 
histoiy similar in some respects to that of the Searles Basin was 
repeated. The waters rose imtil the height of the lowest outlet was 
reached, and as they evidently remained stationary at about that 
level for a long period, it is piesumed that this level was determined 
by the overflow of the surplus water. 

The record of these ancient lakes is found in various traces left 
in the present dry valleys. This record, including e^iecially the 
saline deposits kit by the evaporating water, is discussed below. 
The genml features of Indian Wells Valley and Salt Wells Valley 
are first described, as these valleys were included in the greatest 
eaqMinaion of the ancient Searles Lake. 

INUIAN W£LI<8 VALLEY. 

Indian Wells Valley, also known as Browns Valley, lies south and 
southeast of Owens Valley. It is a broad, open stretch of country, 
mostly filled with a surfidal deposit of heavy deep sandy soil. Tbis 
valley was formerly a part of an extensive lake, whose principal his- 
tory is very dos&ly linked with that of the deep lake of the Searles 
Basin. The inlet by which the waters from the Owens Basin entered 
is in the northwest comer of the valley, and there is a channel of 

1 Russell. T V 'icoio^icnl history o( Lako Lahootan, a Quaternary lake of northwestern Nevada: 
U. S. Oeoi. Jsurvcy Mon. 11, 1**5. 

'Gilbert, G. K., Lake Homu'ville: l'. S. Gcol. Survey Mon. 1, 1^. For moro details camoBmiiii tlMn 
andBnt water IbMB see Gale, H. 8., U. S. Geoi. Survey BuU. 580, pp. 251-323, i»15. 
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overflow to the southeast through the harrier of volcanic peaks that 
separates Iiulian Wells Valley from J^alt Wells Valley. 

The broad Indian Wells Valley is now filled deep with loose sandy 
materials — a \erital)lo delta deposit. At the edge of the valley 
farthest from the kdet and nearest the outlet, in the lowest part of 
the basin, there is a typi<'al mud playa knowni as China Lake or 
China Borax Lake. This name was given presumably because the 
borax works here were formerly operated by Chit^eselal)or. The playa 
surface is scarcely 30 feet below the low divide traversed by the outlet 
between it and the Searles Basin. Thus, a rise of waters of more than 
30 feet, in the China Lake flat wouM cause an overiiovv throupfh the pass 
into the Searles Basin, but there is no record of such an occun oiK o 
within historic time. It is difTicult to estimate tiie amount of the iiliniir 
that may have taken place in Indian Wells Valley, or how deep the 
original lake in this basin may have been below the fill. However, 
it seems fair to assume that durinf^ the greater part of its history as a 
lake it served principally as a seUling basin for the sand and silt 
from Owens \ alley, which were laid down as a broad delta deposit, 
so that the clarified watcM- drained through the outlet on the 
opposite side. That the valley was thus fdlcd nearly to its present 
level with sediments while the waters continued to overflow st ems 
more Ukely than that this basin evei served as a concentrating 
reservoir. The configuration of the basin :>i the last of the lake 
periods, when it finally separated from the svaiers in Searles Lake, 
was practically what it is to-day, as is shown by the wat4^.r lines still 
preserved in the sandy and alluvial slopes about its margin. These 
lines indicate that the linai lake in this basin was not much over 100 
feet deep, although it was of broad expanse. The lake in Indian Wells 
Valley seems therefore to have served one notable function in the 
system — that of a settHng basin, where the bulk of suspended sand 
and silt was separated out, and only the clarified waters flowed on to 
the lower lakes. Possibly to this feature chiefly is due the freedom 
of ^6 depOBitB of Searles Lake from the admixture with muds that 
is characteristic of most desert salt deposits. 

BAIT WELL0 YiXLET. 

A smaller basin, known as Salt Wells Valley, oonstitated an arm 
of the andent Searles Lake and in lower-water stages formed the 
channel by which the Indian Wells Valley overflowed into the Searles 
Basin. It contains a small mud playa but is in effect a part of the 
drainage area tributary to the present Searles Basin. Salt Wells 
Canyon, which enters Ihe main Searles Basin, is a gorge cut in granite 
and basalt. The channel was clearly graded to a steeper slope than 
that of the present stream channel. The rock-cut gorge is filled 
with sediments at its lower end, indicating that at some period its 
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grade was directed to a lower level than the present surface of tbe 
deposits in the Searles Basin. This channel hroadens as it approaches 
the Searles Lake playa, and the former gorge is filled with the pale- 
greenish dipping or horizontaUy hedded, lake-deposited days or witih 
sand and aUuvial wash. This indicates that the former Searles 
Basin must have been far deeper than the present basin, a conclusion 
which is also borne out by the record of the deeper borings put down 
within it. 

A large acreage was located for borax early in the seventies in tiiis 
yalloy and was worked for a time, but nothing except assossment 
work is reported to have been done here for several years. It is 
stated that some salt has been made as a by-product at the borax 
works. Sodium sulphate occurs as a crust 3 to 10 mches thick over 
a part of the lake.' 

ABSA 09 THE AKCIBMT LAZB. 

Tlio area of tho former Scurlcs Lake at its groatcst expansion was 
about 3S5 sqiiaro miles, including both that portion which occupied 
the Searles Basiii and its extension into Salt Wells and Indian Wells 
valleys. At this time the level of th(^ waters was evidently deter- 
mbied by the height of tlie outlet pa.s^^ on the south side of the Searles 
Basin, by which the surplus waters found their way into the lower 
Panamint Valley, 

THE SALIKE DEPOSITS. 

The most distinctiye f eatiure of this desert basin is the immense 
sheet of solid white salts that lies exposed in its bottom. It is to 
this salt deposit that the name Searles Lake (Searles Dry Lake) has 
generally been appHed. So far as known at present the deposit is 
unique in this country in the vailety of its saline minerals. The 
immense salt fields in Death Valley m less well known and doubtless 
contain a larger quantity of sodium chloride and possibly other 
minerals, but they seem to be of the ordinary playa type, and so 
of a somewhat different class from the Searles Lake salhie deposits* 

As in other desert basins the yalley deposits in the Searles Basin 
may be distinguished as occupying several more or less distinct areas 
or zones. These are: 

* 

(a) The central area of firm crusted salt, constituting what ia 
described hereafter as the main salt deposit. This is estimated at 11 
to 12 square miles in area. 

(h) The playa zone, including the central salt area and a broad 
suzTounding margin of salt-incrusted mud and sand, bare of vegetation 
and composed of salts and mixed alluvial material washed in toward 
the center of the basin from the surrounding valley slopes. The area 
of the playa zone is roughly about 60 square miles. 

1 Gale, H. S., Salinos in the Owens, Searles, and Panamint basins, southeastern CaUIomia: U. 8. Q90L 
Snrrty Bull. 880^ p. 370^ 1915. 
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(c) The aJluyial slopes BiuToundmg the playa zone, composed of 
detrital material washed from the suiroimding momitains and spread 
out in broad) low, flat alluTial fans, the siufacea generally covered 
with scattered brash. 

((2) The bare rocky slopes of the bordering mountain ranges 
which lie beyond and above the alluvial fans and the steeper rock- 
talus slopes. 

The area of salt crust in the Searlea Basin is roughly circular, 
elongated slightly from northwest to southeast and almost central 
in the basin. It is estimated at 11 to 12 square miles in extent, 
as determined by the private sxurveys and the drilling that haa been 
done. Its surface is the lowest part of the basin and the altitude, 
determined by spirit leveling in connection with the preparation of 
the Geological Survey map, is 1,618 feet above sea leveL In un- 
usually wet seasons surface drainage from the surrounding country 
sometimes floods the salt surface to a depth of a few in<^es. Not 
uncommonly a thin sheet of water, flooded out upon the flat from 
Borne local storm, is swept across the sxuf ace by the force of the 
wind, so that perhaps nearly the whole mass of the water is moved 
from one aide of the basin to the other. The surface salt is dissolved 
to a slight extent by these floods and when it again dries the salt 
crystallizes with a snowy whiteness that is exceedingly dazzling in 
the bright sun. Dust storms, which are common in tlus desert 
region, scatter more or less dirt over the salt crust, and a certain 
amount of such material is thus almost constantly mixed with 
the salt. 

The surface of the main or central salt deposit is a firm crust of 
salt crystals, mostly cubic halite, so hard and compact that it will 
support the weight of a wagon and team or even of the heavy drill 
rig. The surface shows a tendency to crack along irregular liaes, 
so that it is divided into cakes or blocks. Flooding and re^Iution 
tend to level inequalities that arise, and the cakes and fractiu'es are 
not so pronounced a feature here as they are on some salt surfaces 
ci similar type elsewhere. 

The depth of the salt is shown hy the drilhngs to be fairly uniform 
and is reported to range from 60 to more than 100 feet; it probably 
averages 70 to 75 feet in the main part of the deposit. In the 
central zone the proportion of mud layers found with the salt is 
comparatively small, so that the mass is in effect a solid body of 
salts. At and beyond the margin mud is found not only at the 
surface but intermingled with the salt deposits in depth, so that a 
sharp delimitation of the main salt deposit would probably be 
difficult. It is known, however, that the thick mass of solid salts Is 
much more extensive than is indicated by the surface outline of the 
central salt area, and that a very considerable thickness of crystal- 
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Hae salts underlies a large area which is roprcpeiited ou the surface 
by plH>'ii imid and salt. Just how far this main salt body extends 
can of course be sht)\va only by ihiiiuig. 

The raore .solid part of the main deposit consists essentially of 
crystaJUrie salts, in which more or less distinction by laj'ei-s, from 
the bottom up. may be recognized, uncloubtclly inchcating the 
order of deposition in which the mass was originally laid down. 
One of the wells drilled through the salt crust on September 20, 
1913, was carefully sampled, under the writer's direction, by W. B. 
Hicks, of the United States Geological Survey, and the samples are 
now on file awaiting mineralogic and chemical examination. AU 
these samples consist mainly of crystalline salts, more or less com- 
pletely drained uf the brine in which they were naturally immersed. 

The deposit of salts is hi effect a consohdated mass crystallized 
from an evaporathig mother-Uquor brme. in which the salts are still 
immersed, so that it represents a product of desnx uling solutions 
of which the desiccation has not yet been carried to completion. 

The soft mud zone surromiding the main salt deposit contains 
a very large amount of saline material, which doubtless also includes 
much crystalline salt. Its surface when dry is crusted with white 
salt and is not readilj distinguishable from tbe more solid mass of 
the central salt area, but the pro])ortiou of mad mixed with the salts 
is very evidently greater toward the out^ margins of the deposit. 
The marginal salt and mud zone rises slightly, in general only a few 
feet, above the level of the central part of the basin, and its surface 
is more irregular. It is saturated with a dense brine, which makes 
much of the surface so soft as to be difficult or impossible to cross. 
The water is evidently seepage from the higher slopes surrounding 
the flat. The soft ground extends baok until the increasiog pro- 
portion of coarse material renders its surface sufficiently compact 
to remain firm. 

CBSmCAL COlfPOSmOK OF TBB SAIDnSS. 

The chemical composition of the salt-s and l)rines ia the main 
deposit has been determined l)y numerous analyses, special attoution 
having been given in the iMore recent investigations to the brine t i at 
permeates the whole deposit rather tlian to the salts thejuselves. 
For the brine these determinations may be summarized in a fairly 
sim])le form by the quotation of a few representative analyses, 
as the composition shown tliroughout the deposit, whetiier in sjimples 
from different localities or from top to bottom at one locality, seems 
to be reniarkal)lj uniform. In the following table are given six 
analyses made by Walton Van Winkle, of the United States Geolog- 
ical Survey, from as many samples which were collected from differ- 
ent parts of the deposit: 
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Kach. sample wjis collected by lowering a stoppered and weighted 
bottle to a Hppth of 35 to 40 feet in the brhio, and then, by means 
of a separate covd provided for the purpose, pulling out the stopper 
and allowing the l)(>ttle to fill. 

The original brijie con tains a variable piTcentage of biearbonafo 
which is converted to the carbonate form in the anhydrous residue 
and is so expressed. 

i\jiother analysis, made by W. 11. F^^ss hi the laboratory of the 
BiHoan of Soils, Department of AgriruUiire, is probably the most 
complcto statement on record as regards the composiiiou of tliis 
brmo. It represents the natund solntic>n pumped from well "SK 
7/* It is given below, and for comparison is added the avt rii^c of 
the six analyses already quoted, which corresponds very closely 
to it. 

Chemical eontfotUion tiftaUi diuolved tn moOia'-Uquar brine ofSearlee Lake^ OU, 
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The foUowing notes are added to Mr. Koss's analysis: 

Kb, 6a, NH«, NO*, Ga, Mn, Cu, Booe. 

Loss on ignition, 0.69 per cent water and organic matter. 

Sodium carbonate, 3.01 per cent in ori*jinaI solution. 
Sodium bicarbonate, 0.75 p<^r cent in oritjdnal solution. 
Potash, 2.17 per cent in original solution. 

The avorago analysis has boon rocalcul;itod to tlio form of hypo- 
thotical anhydrous salts which might be derived from such a brine, 
as follows: 

BypoStetieal average eompot^Mn of anhydrous residue of briiu from SearUt Lake, 



Sodium chloride (NaCl) Gl.Gl 

Sodium Bttlpb»te(NaaS04) 19,22 

Sodium carbonate (NaaCOa) 12.79 

Sodium tetraborate (Na^B^Or) ^ 3.23 

Potaasium chloride (KCI) 12.07 

Sodium arsenate (Na^AsOO 17 



99.09 

The composition of the salts has been given by private analyses, 
made during the testing of the deposit for soda and borax, as follows: 



Analyses of samples from well ''SESf^' Scarles LakCf Cat. 



Depth. 


Insoluble, 

mud, elf. 


NaCl. 


Nas.=!0<. 


NajCO,. 


NaUCO,. 




HiO. 




Fett. 




















0.2 


79.7 


7.0 


S.S 


0.0 


Tnoe. 


8.S 






1.4 


44.0 


80.5 


14.8 


16 


1.0 


6.8 






1.4 


47.8 


28.1 


lao 


.0 


S.0 


10.6 






3.0 


42.7 


17.1 


]».l 


6.0 


10 


IQia 






1.4 


43.5 


22.3 


0.S 


a.6 


5.5 


1S.S 






Trace. 


82.8 


10. « 


S.3 


.8 


Trace. 


16 








10.0 


7.3 


40.8 


1&6 


.6 


M.4 



Well **SB 8" is 1 mil duo cast of weU "SE 7," of which the com- 
plete brine analysis is given above, and both are situated near the 
center of the main salt deposit. 

In these analysos potash was not determined, and presmnably it 
is expressed as soda in the various combinations given. A single 
analysis showing the potash content of the salts is given below: 

Analysis of a composile of a number of samples from ''trona reef," Searlcs Lake, Cal. 

[Made by private chemists.] 



Insoluble in water 13.33 

NaCl 19.60 

KaaS04 5. 05 

NaXOs 27.60 

KaiU'Oj 20.60 

Na,BM 1.52 

Kca 1.S0 



89.20 
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A most signiBcant feature of tho cliemistTy of the deposits is found 
in the predominant deposition of sodium carbonate and bicarbonate 
in approximate " trona" proportions at the very bottom of the deposit. 
There seems also to have boon a subordinate recurrence of the same 
condition at depths of 30 to 40 feet in the central part of the deposit^ 
together with an increase in the amotmt of odiment (insoluble) con- 
tained and apparently a concentration of the borax at or about this 
general position. It is not shown by this record, but may be noted 
here, that the mineral hanksite and individual borax crystals, also 
probably sulphohalite, likewise characterize this zone. This evidence 
may indicate a temporary interruption of tho general process of evap- 
oration while the salt deposition was going on. 

Tho records from wells in different parts of ilie margin show greater 
varif^fion. There is commonly a difference in the amount of includrd 
sedirnont at different depths. Possibly some parts of the deposit are 
richer in borax than others. The principal point that appears to l)e 
emphasized, however, is the deposition of the carbonate and bicar- 
bonate at the l)aso of the deposit, and the relation this bears to tho 
evaporation experiment to be referred to presently. There is a 
relative increase in the sodium sulphate in tho upper parts of the 
deposit and apparently a concentration of sodium cliloride at the 
very top. The experiments of Chatard ^ are particularly significant 
in considcrhig tho orighi of tlie salt deposits at Soarles Lake. They 
are beheved to show that these deposits are the normal product of 
the desiccation of a bodv of water of the same chemical character as 
the Uwens Lake of the present time. 

BED COU>B JSt TBX BAUtB AKD BBIMX. 

The surface salt and tlio strong brine standing in trenches or in 
pools about the margin of the salt deposit is characterized by a deep- 
red color, which is also imparted to some of tiie salt cr\-stals at the 
surface of the deposit. The nature of this color has been discussed 
by Chatard und others, but tho following quotation from Lunge ' is 
perhaps the latest statement published with reference to its appear- 
ance in these particular deposits: 

The red coloi exhibited by many alkaline salt lakes, which is often also apparent 
in the mXiB deposited, i« aaciibed by Payen* to the presence of small cmstaceens, 
Artem^ taUm Leach (Caneer tdHmu limi^), which appear in laxge mnmrn when the 
water has attained a density of 1.16 and which aiie of a giay «r greenish color; on fur- 
ther concentration to specific gra\'ity 1.21 they die and form a red froth at the surface. 
* * * I, for my part, rmiHt decline f<i accept tlie a^s^timption that tho rod color is 
n^uiarly caused by the presence of Artemia or other animal oiganisms, ii it is ever 
due to that cause; but the samples <tf red water which I had myadf taken from the 
lakes of the Wade Atrun have preserved that colcv during the nutny yean I have 

' Chatard, T. M., Natural soda, its occurrence and utiUsatton: U. 8. G«ol. Survey Bull. 60, pp. 59-«7, 1800. 
» Lunge, I u-<jr)zv, Stiljihuric acid and alkali, vol. 2, pt. 1, p. 58, 1909. 
* Pvyvu, AAselme, Aanales cbim. et pliys., M 8er.» vol. i&, p. i£6, 1837. 
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kept thoae aamplea. It remains Ailvt frequent iiltratiunB. The red iiltrat« shows 
nothing under the microecope; die color is at once diBchaised by adding nitric add 
cr hypodlilatide and hydiochloiie add and w evidently cansed by oiganic sabBtanees 
prmon t in atdntiim. Thtn U ne inn prown L 

PerhapB the latest explanatiaa is that it is doe to the red chromo- 
genic bacteria which grow in the brines and eyen in and on heaps of 
erode salt* ^ 

pasamaT ▼aixbt. 
By H. 8. Qalb. 

THB fOSMBR LAKE. 

Wliilo the waters in the Searles Basin stood at their highest levd 
they undoubtedly overflowed by way of the puss at the south end 
of that basin and cnt^jsred the larger and deeper basin of Panamint 
Valley. (See PI. XV, p. 1(32.) Here tiiey formed the principal water 
supply of a lake whieh received also cx)ntributions of the desert 
drainage tributary to its valley. Tins immense body of wat^r, which 
had an origin similar to that of Searles Lake, may have produced 
in the Panamint Valley saline deposits resembling those in the 
Bearles Basin, but there are many quuiitying factors to be considered 
in offering judgment as to whether surh deposits exist thero. 

Panamint Lake was 60 miles in lf'ii«r(h from north to soutii and 
6 or 6 miles wide tor the greater purl vi its length, though nearly 
10 miles wide in liie broader portion of the valley north of Ballarat. 
It was confined in a long, narrow, deep basin, whereas Searles Lake 
occupied a broad, oval basin. Panamint Lake narrowed to a point 
at its south end, and this was not only the point of inlet for the over- 
flow fr ini the Searles Basin l)ut also near the probable outlet during 
the period of its maximum Hooding. The greatest depth of Panamint 
Lake was probably determined by Wingate Pass, through which an 
overflow is beheved to have passed for some time into Death Valley, 
Panamint Lake is apparently analogous to Searles Lake, as each lake 
receives its waters by overflow irum a higher ba^sin and each at some 
stage undoubtedly overflowed t-o a lower basin. The crusted salt 
about this basin has been scraped for local domestic and stock use. 

aALENBS IN PAMAMOIT TAUBT. 

Prospecting in the Panamint Valley for buried saline deposits was 
begun by private interests in November or December, 1913. One 
or more shallow holes h^td l>ren sunk earlier in the year. The more 
complete exploration of this basin offers a practical and interesting 
test of the hypothesis of buried salts from the desiccation of a 

1 Peirce, o.j.»lnlleI)oiigil,D.T.,atid otlwc^TlMBaltaDflMtOiiiNBfs 

p. 52, 1914. 
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Quaternary lake that is kuowu to have evaporated and left only an 
insignificant deposit on the siii-face. 

A saline deposit, if one exists in the Panaraint Valley, -wall douhtlcss 
be of much the same typo as that of Searles Lake, for it must 
have heen laid down mainly by waters that overflowed from the 
Seaiies Basin. As the waters of Searles Lake were supposedly 
dilute diu^mg their highest stag^, it seems unlikely that much differ- 
entiation could have taken place witliin them, so that the overflow 
to the Panamint Lake was not in the nature of a mother liquor. 

Some quantitative idea of the interpretations to be placed on tlia 
history of the lake may be obtained from the following computa- 
tions: The water content of the aurient Panamint Lake at its higliest 
level was approximately 85,0UU,000 acre-feet. If the concentration 
of the water at this highest level, necessarily a matter of pure assump- 
tion, was 300 parts per milhon of dissolved salts, or about that of the 
present flow of Owens River, the total cjuantity of salts dissolved 
in this ancient body of water would be about 35,000,000 short tons 
of anhydrous salts. This would be equivalent to a layer of the 
anhydrous salts 20 acres in extent and 1 foot deep, or with sonio 
water of crystalhzation and mother hquor perhaps the same area to 
a depth of several feet. 

The single fi^lling and evaporation of u lake like that wliic h formerly 
existed in the Panamint Vallev would not necessaiily result in the 
deposition of a large mass of salts when the lake dried up, but such 
a lake must continue to concentrate waters of the character described 
for a long period in order to produce a very thick deposit of salines. 
That such a long-continued concen taxation actually took place in the 
Searles Basm is very certain, and there seems to be ample possi- 
bihty that a similar concentration may have occurred in the Panamint 
Basin, though deiinilc assumption of its uccuxTence is scarcely 
waiianLed. 

FAOSFEOTS FOB POTASH. 
TBI 9BSBKT BASm. 

When general interest was first aroused in the subject of potash 
in the West, the dominant idea ia the exploration of the desert basins 
for saline and potash deposits was based on the iissumod former 
existence of saline lakes, whose waters by evaporation iiiusi have 
left their salts as massive residues. This idea has been referred to 
as the desert-basin hypothesis. 

iVs a suniiiiary it is probably safe to say thai commercially valuable 
concentrations of potash are not generally to be looked for in 
the desert-basin deposits. Salts deposited by shallow intermittent 
lakes are not only so mixed with muds as to render their profitable 
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reoovery very doubtful, but sucb deposits are unlikely to retam on 
A large scale any considerable percentages of potassium in the solubb 
form. Only in basins where large and deep saline lakes have existed 
and dried up under favorable conditions are massive deposits of 
salines free from mixture with mud to be expected. Such conditioiu 
are exceptional. Probably few desert saline lakes liave in fact dried 
up 80 free from the mixture of day or other sediments that theor 
water-soluble salts have retained the greater part of the potasii 
orig^ally present in the lake water. These exceptional eondiitaof 
may exist in some places, and it seems that in Searles Lake {mesaeh 
place has been found. 

Death Valley is known also as the ' sink" of Amargosa River, and 
the salts deposited on its floor are gencrully considered to have been 
derived from the drainage waters which have ilowecl into it. Tld 
salt deposits nplift<^d and exposed to erosion in the neighboilDg 
Avawatz Mountains have undoubtedly contributed some of the saline 
material which has found its way into the Aiiiur^oba chainage, and 
thence into Death Vallev, but it is cerLainlv not necessary to assuOM 
that the saline material in Death Valley has been derived entirdj 
or even largely from tliia source. Gide ^ says: 

A vast amount of saline material is accumulated on and beneath the floor of Death 
Valley. A central area of cruiited salt lies in the lowest part of the valley, extendifl? 
lor many iiiil«e &om north to aoutli. At the very lowest part of the valley or BO'«»Ued 
■iiikliieieleaiiinagalaraiea several nuIeeacioeB which Is wially a smooth JieUcI 
mowyo'vriiite salt. Occadoiially this is flooded by storm waters, which euhscquently 
evaporate and again leave the surface crusted ^s■i{h whiia salta. Beyond the5-'iJ'»fft 
tail to the nortli and eoutli arc the fields of rough salt. These differ from tlie^**<^^ 
smooth salt principally in the fact that the salt crust, not having been recently flooW 
and wfaoUy lediflsolved, has heen gradually broken into cakes and tilted at vtfW 
angles, piobaUy by expandon due to the growth of cryertaUisation, thus iMwducisg a 
surface so rough that it is extremely difficult to traverse. A rim of soft mud lies 
between the main salt fields and the valley margin, this part als<j being ocCiisfonally 
flooded by storm waters and kept wet by the aeepage of ground water from the ni*'* 
ginal slopes. Beyond the mud rim are sand dunes and alluvial slopes of rock d^lw 
such as characterize these d^rt r^ons generally. 

The outlines of these ^pes of surface depositB are rqwesented in the tccomp^)^ 
map of a portion of the valley 11], which is based on data collected by Charles E. 
Wat^n for the Geological Survey at the tame the wells were being drilled. The 
location of the wells is also indicated. _ 

I Qale, H. 8., PmpectiiiK lor potash In Deatli Valley, OsL: U. & Qt6L Smvv BolL i», (P- 
mi. 



Digitized by Googl 



117*00' R 46 E. 



R. i E. 



nf.*45' 







IBM V <^ 





[ 1 i-^'^ \ ■ 




]Ro ugh 

% r \rM 

.sal t' - 



( 6(1/1 watt'r^ 



11!.'15 



lo Miles 



AovBB IL— Map showing alt dnxNdts in Death VaOey, Cal., and im at ion of mOs dcOlad by tta> UinlftiA 

' I 1 iisamy. (Altar H. S. Qalo.) 
40104"— 18— Bull. 069 12 177 



Digitized by Gopgle 



178 SALT BI80UW»S 09 TKB trHXTBD STATSS. 

Fublkliod aiialybes ^ uf salt in Death Valley are foUom: 



A Italy sf» of salt from Death ValUy, Cal. 



CoostitiwnU. 


1 




NnCl 


M.M 
.31 
9.53 


2.71$ 

,27 


KCl 


Na»8()« 




Ca.SO«. 21 1, 0 


.79 


MsCl, 


Tme*. 

m 




.14 

.50 

max 









1. Surface salt from (hi» middle of the ar'> i "f roimh salt on iho road between Fiirn.v »» Creek rsn<4md 
Bennetts Well, where llu" t rust Is neariy 3 uiilr s \\'k\i\ M. M. f"!impf>^U, c-oUm tor. Anulv^sis by G«cit^« 
fitolg(>r, exj-rossed in p4>roentafe of total woIkIu. V. S. <;«><)l. Survoy Bull. 2<ki, p. IS, 1W2. 

2. Deposit 1 u> 3 iut-hos UUcx coverlnc maoy square mllee. Lmut. K. Birnie, collector. Aualvsis by 
Oscar Loinv, expresaad iB parOHitagt M anlqrdiiiui raddn*. V. S. O«of. Bumm W. lOOth Mar. Aan. 
Bept. 1876, p. 170. 

ExplorationB of the saline deposits in the floor of Death Vallej 
were recently undertaken by the United States Geological Survey for 
the pnrpoee of aBcertaining whether the strata of the yallej oontain 
an appreciable amount of potash salts. In all 83 samples of brines 
and saline deposits were collected, some of which have been analyzed 
and the results published.' The borings, which were sunk to depths 
of 100 feet or leas, show that the valley is underlain by altematiiig 
layers of clay or mud and rock salt. Salt brines were found at several 
horizonsy usually in layers just below beds of crystalline salt and 
rardy in the mud layers themselves. 

The principal constituent of the brines analyzed is sodium chloride, 
and the potash content is small. Analyses of 28 portions of solid 
material from different depths in one of the boringe (No. 200) in tba 
lowest part of the valley and thought to be fairly representative were 
also examined. After the moisture was dried out under con^taoua 
appro3dmating those normal in the region, the dried material aver* 
aged 65 per cent of soluble salts, of idiich 0.72 per cent was potash, 
corresponding to 1,13 per cent of potassium chknride. 

The log of the well from which the sample was obtained is given 
on page 179.* 

1 For additional analyses aee G. ). Young, Potash salU and other saUn<ui iu the Great liasia regioQ: U. & 
PeT»t. Agr. Bull. 61, 1M4. 
5 Cnlo. U.S., op. viU, fp. 410-41L 
» Idem, pp. 412-iia. 
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Log of United StaUa Geological Survey boring No. 200, Death Valiey, Cat. 



Depth. 



Bait (.Ci Jni'li.-; fhii k on .siirf:i''v^ 

Clay, ^'»ft, U;;tu biowu, Lom.iinuii; trystaLs 

FaU. MTV hard 

Al ml, s"ft, brown, contaiuuig <M;ir-i? c ryslaLs 

Mud, MiKX>th, bro»m 

Bait, in la.vtTS 1 iinh tlii' I. 

Muo, sott, bri'\\ii, iiDiiTotii. . 

Mtid, lii;ht, bmwu, st icky, containing crystals 

>Iud, soft. Drown, containing crystals 

Suit, hiufl 

CImv, lon^h, brown 

Salf . huMl, drilled ^ 

>1 ud , soft, brown, contaitvinf crystals. 

Salt, l»:ir'f 

Cluv, d.iik, oontalBlnff crystals 

. ll ii <l 

]k[ u d , I > 1 1 k . containing crystals and bard salt strata 1 inch thick . 

Salt, hiird. black 

Mild, i>i;k< k,contafBJnfa7Bt»>s 



Cl:)y, bl irk. •'ontjuninccrjrtlabi 

^ult, iiiird, bbi ii 
Clay, ii^'lit. gray 
Salt, vory hard, 
Clay, (l:irk, 

Salt, luvrd 

CJav, tough, diirk 

Salt, very hard, hardest yetencountemi, black 
CImv, touXh, dark blue, contfiHlngflryitafci^.... 

Haii, very liard, black 

Clay, dark blut*. 
Salt , hard, hlauk 
Clay, dark bllM^ 

Salt, hard 

Clay, dark blue. ogntajningoryBtalg ^..^...» 

Hair, viTV hard 

Cluv, vorv tiji.:--ti, durk bhMk oontatalBg ajBtalt. 

Clay. toii ; h. I I u k, containing crystals 

Water eii'"nntrrod: 

Water .sanii l" No. 1, Mark salty water, cnme wfthbi 2 feet of the surface 

Water siiiuflo N''\ 'J, salty, nearl.v clear, tame uitlun I f<xit of ilu* snrfai'«, stroti 
(low; vrllh ^ feui oi section pipe on hand pump w«il ilowed a {^luos iu 2 minutes. 

WaMraamplaNo^a^ 



0.» 

3.5 

2.0 
11.0 
.5 
.3 
3.0 
3.0 
3.0 

a. a 

.5 
1.0 

.3 

.7 
4.5 
1.5 
1.8 
S.0 
Lt 

.t 

*i 

6.0 

'■4 

. 5 
16.5 
1.0 
5.0 
2.5 
1.0 
6.2 
1.0 
S.S 
1.5 
4.0 
8.0 



Fed. 



4.0 

6.0 
17 0 

i: 5 

IH.O 
21.0 
24.0 
27.0 

29.5 
?n. 0 
81.0 

:u,3 
a.'.o 

3(1.5 
0 

:?!».5 
415 
•l.i.O 

•f . 

-It. 

62 
53.0 
.'il.O 
.'■)1. J 
70.0 
71.0 
76.0 
78.5 
79. 6 
s"-. 7 
86.7 
90.6 
92.0 
iXi.O 
101. 0 

32.0 

38.0 



.5 
.0 
.0 
.5 



With reference to the possibility of finding deposits of potash salts 
deeply buried in the Tslley, Gale condudeB that evidttnoe of former 
deep submergence of the yalley has not been found; that the appear^ 
ance of the deposits is such as to indicate that thej are the result of 
alternate periods of shallow submergence and desiccation; and hence 
that there is little justifioation for any present assumption that 
important deposits of potash salts lie in the yalley. 



Salino Valley, which w^as also visited by Gale,^ is in the west- 
central part of Inyo County, between the Inyo Mountains on the 
w^est and the Panamint Mountains on the east. (See fig. I'J.) The 
salt deposits of the vtilley occupy the lowest part of the depression, 
which is without outlet and is completely inclosed by high moim- 
tuius. The central depression of the valley has w^ithout doubt been 

1 Gale, H. S. , syi, tm, and pgMh la SriiM VUler. Ootutir, OiL: U. & OeoL Bmwf BnU. MQ, 

pp. ua-m, mi. 
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orcasionally submerged, but perhaps to shallow depths only, as no 
evidence of former shore lines of considerable height has been 
observed in the valley. Of the central deposit of mud and salts, 



R.37E. P.30E. !I7°45' R.39E. R.40E. 




2 0 2 4 6 8 10 Miles 

Contour interval 500 feet 

FiouRE 12.— Map of Saline Vallejr and vicinity, Cal., showing location of salt deposits. (After H. S. Qale.) 



approximately 1 square mile is a smooth white crust of salt, including 
a small open pond of salt water. Adjacent to this smooth crust is a 
rough expanse of broken and tilted salt-crust blocks, with a sharp 
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craggy surface. A stock ( (unpanv has l)eeii organized to develop 
this deposit for the salt iL coutams, and a production was reported 
in 1913. The salt from the smooth crust iii the lowest part of the 
Tidley was sampled as it stood pilod in stacks ready for shipment, 
and the nnah'sis of tho samples showed it to contain 98.52 per cent 
of sodiiiiii chloride, and thus to be of high grade for a natural product. 
The complcto analysis of the salt sample is as fellows: 

Analyris of vdt sample from stach in Saline Valley^ Cat. 
{R, E. Bailey, uulyat.] 



Sodium chloride (NaCl) 98. 52 

S-xlinn! Hulphato (NajSOJ 1. 02 

Pjiiustiium sulphate (KjSO^) 37 

Water 12 

Insoluble 17 



100.20 

The thickness of the deposit is not known, as no drilling to any 
considerable depth has been done. Shallow holes dug in the surface 
of the white crust showed a surface tliickness of 4 inches of loose- 
texturedy porous white crystalline salt, below which there is a layer 
of dark-greenish or almost black saline mud several inches thick. 
Salt layers occur still farther down, but excavation is hindered by 
freely flowing brine, which fills the holes. Samples of the brine were 
collected and tested for potash salts, but the results indicated that 
potash is not presmt in quantities of commercial importance. It is 
quite likely that no extehsive or deep lake ever existed in this valley 
and that the salines represent the accumulation from the surrounding 
and somewhat restricted drainage area. The results of the analyses 
of the brine collected from this region are given in the table below ;^ 

Potash cnalyses ofbnnefrcm Saline Valley, Cal. 
[Nob. 43-46, R. K. BaUcy, analyst; Nos. 47 and 48, W. B. Hidu, analyst.] 



Samrilo 
No. 


Total salts 
(ignited 
residue). 


IVitassiumln tiu> total salts 
expressed as— 


E. 


E|0. 


ECU, 


48 


30l77 


l.» 


1.86 


3.47 


4t 


98.10 


.78 


.64 


1.48 


45 


9&06 


.81 


.M 


L55 


46 


9&77 


i.a» 


1.86 


2; 47 


47 




,96 


LIS 


L83 


48 


.10 




.06 


.10 



OTHER OCCT:nRKNCES. 

Salt strata have been en('()untoro<l m du^ wells at Tecopa, just 
north of tho boundaiy between Iiiyo and San Bernardino counties; 
and the water of Confidence Spring, near "The Narrows/' in south 

1 8«e also Yonngi G. 3,, op. eft., pp. 48-4C 
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De&Ui YaUflj, is saltj. Tke niter beds in the canyon of Amargosa 
Biver contain some rock salt and numerous layers rich iu salt. TbB 
name Amargosa River is somewhat mislftadiug, as the river does not 
often cany enough water to flow on the surface as far as the lowest 
depression of Death Valley. The waters in the lower courses of the 
liver are decidedly briny; where the stream widens out into the large 
playa at Kestiug Springs Dry Lake it leaves fields of salt as well as 
of borax and niter, and the desert on either side of the river is dotted 
with patches of salt. Salt Spring, in Saa Bernardino County, is in 
the valley of South Fork of Amaigosa River, where it turns northwest 
to join the main Amargosa near the south end o! Death Valley. 

For lists of the springs which may be fresh, brackish, or salty, the 
reader is referred to the reports of Bailey and Mendenhall in the 
bibliography (p. 192). 

KUtV OOUHTT, 
C4HJIB0N LLKB, 

Cameron Lake ia in the sontheni part of Kern County, in T. 32 S., 
R. 34 E., between Tehachapi unci C atneron stations on the Southern 
Pacific Eailioacl. Bailey reports that it is a salt lake about 1 mile 
square, yr\i\\ a "saline stratum 5 to 6 feet deep." The lake dries up, 
and dui'iug dry seasons a salt crust is left 3 to 4 mche^ thick. 

■AKS LAKS. 

• 

Kane Lake is about 10 miles southwest of Randsbiu-g, in the eastern 
part of Kern County, on the road between McAiaTe and Randsburg. 
The salt occurs in the bed of a dry lake or sink 6 nuke long and 
3 mileB wide. The lake has no outlet^ and tiM spring and fall rains 
oQver it generally to a depth ef 10 inches. About 3,000 acres aie 
reported to be under water when tiiia depth is attained. After the 
lake has evaporated to drynisss, the salt is shoveled up and piled into 
heaps. Generally two crops a year m^y be secured, but in some 
years there is imcertauity aboat the fdl crop on account olf the 
September and October raJns. 

Two companies have been operating here, but recently the Diamond 
Salt Co. has bougiht them outw An artesian well has been sunk to 
procure water in addition to that supplied by the rainfall, if needed. 
Only crude solar salt is now produced, but it is planned to ship the 
crude salt to Los Angeles and there refine it for table and other uses. 

OTHER OCCUaft£NCB8. 

Castac Lake, in the southwestern part of Kern County, is a shallow 
lake which in dry seasons is covered with a thick crust iA salt. 
Northward as far as Kern River the entire county is an alkali desert, 
whose soil is heavily impr^ated with salt. At one place, about 
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•14 miles from the Canyon tie las Uvas, salt was prepared some years 
ago. At other dry lakes in different parts of the county salt occurs 
in a])])reciable quantities. In tlic northeast comer of the county 
a number of wells give the name ' ' Salt Wells Valley" to a considerable 
area of land. 

MOWO COWTT* 

Mono Lake is in Mono County, near the Nevada line, at an altitude 
of 6,730 feet, and is the highest above the ocean of the saline lakes of 
the Great Basin. Its water is dense and alkaline. Ch\dng to the 
presence of volcanic rocks in the lake basin alkaline carbonates are 
abundant in the water, as shown by the following complete analysis 
made by T. M. Chatard:^ 

Anafyni of mater of Mono Lake, CaL 
(Qnasparlltv.] 



Silica 0.0700 

Calcium carbonate 0500 

Magnesium carVjonate . 1028 

Potaasmm chloride 1. 8365 

Sodium chloride 18.5033 

Bodium sulphate 9. 8660 

Sodium carbonate 18.8556 

Sodium bicarbonate 4. 3856 

Sodium tetraborate 2071 

Alumina 0030 



58.4729 

The results of this anah'sis show that sodium ( hluride constitutes 
nearly 35 per cent of the total solids. Experiments l)y Chutard on. 
tho fractional crystallization of the mineral content of the water 
gave the results presented below, which show the same general rule 
of deposition as at Owens Luke. The water used in the experiments 
ha<^l already been evaporated to about one-sixth of its original vol- 
ume and had a specific gravity of 1.210. 



AnaljfteB of waSU depotUei hyfraeHonal etytttUHxttHon of wOer of Mono Lake, Cal," 





1 


2 


s 


4 


6 




12.28 
.07 

.05 

. IH 

19.18 

2.73 
36. 87 
27. 37 


10.98 
.17 
.14 

.4(5 
.09 
21.34 
14. 18 

41.07 
10.99 


0.G9 
.16 

.05 

<)■'. 


4. 18 


11.31 
.13 
.02 






.07 






.47 
29.96 
49. l.i 
18. 27 
10. oa 


.71 

60. 75 
16.22 
14.22 

a. HH 


15. 20 

32. :{6 
6. 65 
33.00 
.49 






99.72 


100.02 


99.78 


100.03 


09.85 



a U. S. QeoL Sumy BidL Q0|» p. 66^ 1890. 



iCI»toid,T.lf., Auaijraesoftbi watflnoffoiiiBAmariiiUi alkali lakoK Am. lourl gd., ad ler., vol. 36, 
p. 14B, 1888; abo Natuwl aoda^to oeoanrepce and mfllMttoii; U. 8. 0«oL Bvmy BaU. 90,9.9$, 18M. 
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The lakd has an area of 85.5 square miles and an average depth of 
61.5 feet. From its Yolume and the mineral content of its water the 
amount of the yarious salines which it contains has been estimated. 
The results indicate the presence in the lake of 86,099,600 tons of 
common salt and 10,538|100 tons of potassium chloride.^ Such fig- 
ures show that the saline reserves in this and other incompletelj 
evaporated or playa lakes of the desert region of Califomia and oth^ 
public-land States are very large and may prove valuable when 
transportation facilities have been developed and methods for the 
extraction of the salts perfected.' 

The main source of salt in Kiverside and Imperial counties, Cal., 
was Salton Sink, an immense basin in which thotisands of tons of 
water were evaporated nnTinally. This water was supplied by the 
drainage from the east side of the San Jacinto Range, Carrizo Creek, 
and a part of the San Bernardino Mountains, and in times of 
extremely high water the basin served as a reservoir for the excess 
in Colorado Biver.' According to Mendenhall * it receives normally 
only the occasional overflows from the tributaries of the Colorado. 
With the flooding of the slok by Colorado Kiver in 1905 and 1906 
the salt-producing industry in this region ceased^ The sink is now 
filled by a lake having an area of about 450 square miles and a maxi- 
mum depth of 67.5 feet.' If further inflow is prevented it will only 
be a decade or so before the original conditions are restored. 

The bed of salt, until the last overilow, was extensively exploited 
by the Now Liverpool Salt Co., and shipments were made from 
Salton by rail. 

In 1892 the lake was described as a salt marsh connected by a 
branch railway with the main line of the Southern Pacific Railroad. 
The company s works were located about 3,000 feet west of the 
railroad, on a spur track that extended into the marsh a distance of 
10,000 foot. Beyond the end of the track a well was bored by the 
company to a depth of 300 feet. The topmost material of the well 
consisted of a lay(>r of black mud 6 inches tiiick, resting on a crust 
of sodium and magnesium chlorides, 7 inches thick. On passing 
through the crust the drill dropped thi'ough 22 feet of l^lack oozo 
containmg over 50 per cent of water. This dozo consisted largely of 
sodium and magnesium chlorides and carbonates, the sodium salts 
predominating; also fine sand, iron oxide, clay, and organic matter. 

> BaUey, G. E., The saline deposits ofCaUfofDla: OnllJianU State Ua. Bur. BuU. M» p. 101, 1«B. 

* Bee atoo notea in Young, Q. J., op. dt. 

* PnatOD, E. B.» Salton Late: CaUftmila State HInonlogtot Bbwith Bept, pb M, UOa 

« Hcndcnhall, W. C, Some desert watering iil-. in southeastern CaUCoRlia tmd MUtllWWteni MoviidK 
U. S. Geol. Survey Water-Supply Paper 224, p. lo, im. 

iFiraemaa, W. B., and Bolcter, B;. H., Sntflua wator inp|il7at tba Colondo Vtm taMiii» VOf'Si 
V. 3. QtdL Bamr Wateraupvlr Paper 219^ p. «t WIO. 
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Tho oozo rested on har<l clay, through which the drill passed for the 
remaining distance, 277 feet. In this clay were two or three streaks 
of cement.* 

SAN BERNARDINO COUNTY, 

Scarlcs Lake is mainly in San Bernardino County, near the corner 
of Inyo, San Bornardino, and Kem counties, but it has been described 
under Inyo County for conrenience. (See pp. 164-174.) 

8ALTU8. 

In recent years salt has been produced near SaUus (post office, 
Amboy), a station on tho Atchison, Topeka & Santa Fe Railway, in 
the southeastern part of San Bernardino County. The writer has 
not visited the locality, and the following notes were orally com- 
municated. The salt occurs in the bottom of an old lake bed in the 
form of layers of rock salt. To work these layers the overburden, 
which is approximately 5 feet thick, has to be removed. The upper 
layer of rock salt is 5 to 7 feet thick, v.vd the interval between the 
base of this upper and the next underlying bed of salt is about 20 
feet. The exact thickness of tho lower salt bed is unknown, as it has 
been penetrated to a depth of only a few feet, and difficulties have 
been encountered in attempts to work it on account of the water in 
the intermediate stratum. 

AVAB008A BIVKB.' 

A short stretch of Amargosa River is in San Bernardino Coimty, 
but most of the river is in Inyo County and in Amargosa Desert, 
Nye Coimty, Nev. Its source is a group of springs about 17 miles 
northeast of Bullfrog, Nev. It flows southeast, passing Franklin dry 
lake, Resting Springs dry lake, and thence through a rugged canyon 
to a point near Sperry, on the Tonopah & Tidewater Railroad. 
There it turns southwestward and flows around the south end of the 
Black Mountains, and then to the northwest into the sink of Death 
Valley. The term ''river'' is somewhat misleading. Its total length 
is about 140 miles, and throughout its course it disappears and 
reappeaiB, its water bemg absorbed by the porous beds oyer and 
through which it flows. In recent years it has flowed on the surface 
only a few miles beyond Saratoga Springs, in San Bernardino County, 
even during the heaviest floods. Though the water in the river is 
potable near its source, it takes up during its flow large amounts of 
the various salts, becoming finally heavily charged, a fact which has 
given the river its name — "Amargosa," meaning bittw in Spanish. 

1 Pnrtoo, B. B., op. cit., p. 388. See also IfcDougal, D. T., and otbein, The Saltan Sea, OanMgle Hut. 
WasWngton Tub. 193, p. 10, 1914. 

1 For analyses of water from Amargosa Valley see Young, G. J., Potash salts aud other salines in the 
Ofeat Baain nsion: U. B. I>ept. Agr. Boll, tl, p. 78, 1M4. Analjaea aie hy J, A. Ciilkii. 
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In the lower courses, including San Bernardino County, where the 
water comee to the surface these salts are deposited as white crusts, 
which contain salt and the borate minerals. These crusts have been 
removed and marketed, and some of them by natural re-solution and 
recrystallization have been rendered quite pure. 

▲VAWAZS MOUNTAINS. 

Salt 0GCIII8 as rock salt in. upturned beds on tibs northfim slopes of 
the Arawatz Mountains in San Bernardino Comity. It outcrops 
over a large acroage in a zone between 4 and 5 miles long. To judge 
from the attitude of the beds it must underlie an extensive tenitoij. 
The salt occurs as a member of a series of saline deposits, coneKtuv^ 
essentially of celestite at the base, gypsum, and salt, the entire senea i 
being underlain and overlain by lake beds. (See Pis. XIV, B, p. 156, 
and XVI.) 

The underlying lake beds are made up chiefly of compacted sands 
and ahalBs, including conglomerates in places. Celestite is found 
near the top of the series at the base of the overlying gypsum. A 
Utile gypsum is disseminated in part of the lake beds but not enough 
to make it of any economic consequence. In places sodium sulpliate 
and niter are reported as found respectively in the shales toward the 
center of the deposits and along what is locally known as pipe-line 
wash." The overlying lake beds consist chiefly of gravek and sands 
and contain a small amount of day, gypsum, and possibly other 
salts. In places both the lower and the upper lake beds are charac- 
terized by the rather brilliant hues of the shales composing them, 
white, maroon, yellow, rose, and green being not uncommon colors. 

The saline deposits and their underlying and ovwlying lake beds 
lie between (1) a basement complex of sedimentary rocks, which 
have been in part metamorphosed and intruded by igneous rocks, 
and (2) gravel beds of unknown thickness, which cover the economic 
deposits in part, form alluvial cones and fans, and extend into the 
valley on the north side of the mountains. In general the sui*fan3 of 
the gravels, especially away from the edge of the foothills, is very 
smooth, this smoothness characterizing also the surface of tho 
alluvial fans. 

The salt layers proper, as would naturally be expected, are not 
sharply domarkod iii aH places from the underlying gypsum layci-s. 
llio hno of division comos most naturally in clayey sediments con- 
taining both gypsum and salt b6twe€'a the main depoj^its of salt and 
of gy])sum. Thoro is also a transiHonal zojie between t.ho salt 
deposits and tho ovoiiying shales and sands oi ihc upper lake bodd, 
but tho main salt body is distinctive. Tho salt has been leached in 
places aiid is covered with a mantle of reddish saline clays. Very 
little is exposed at the surface, but some of it approaches close to tho ' 
sufiaco and is distinguished by u peculiar '^sLephke" structuic, by 
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A. HOGBACK OF CELESTITE WITH GYPSUM IN BACKGROUND, AVAWATZ SALT & 
i GYPSUM CO., SAN BERNARDINO COUNTY, CAL. 




B. BEDDED STRUCTURE IN CELESTITE. AVAWATZ SALT & GYPSUM CO., SAN 

BERNARDINO COUNTY, CAL. 
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the formatioii of hard crustii, oi* by saline efflorescences. Detuiled 
measuiomonts of thickness are difficult to make until deveiofaneuta 
have progressed t'arthei' than ut ]>resent. 

The quantity of rock salt pr^ent must be very great. Where it 
has been worked its purity lias increased with depth. Some chemical 
analyses show that it is r>S per c^nt pure. It is^massively crystalline. 
Its color is generally brownish near the surface, the discoloration 
beinff usually due to reddish-brown clay, the color of which is in 
tuin due to iron oxide. 

f»ANBT. 

Salt has been muiod 30 nules southeast of Dan by, a station oti the 
Atchison, Topeka St Santa Fe Railway, in the southeastern part of 
Sao Bernardino County, in T. 7 N., R. 16 E., on a dry lake known as 
Danby Lake. The okl mines are 6 miles from the south end of Old 
Womans Moiuitaiu. The salt hes in two beds, each ranging from a 
few uichett to several feet in thickness, separated by a thick layer of 
clay and protected by a layer of sand and dust. The salt bed has 
been developed over a tract covering many acres, which includes, 
however, only a small part of the deposits. When the mines wore 
worked, the salt was hauled in traction wagons to Danby, where it" 
was sold to chloridize silver ore. The shafts are said to have passed 
through salt 22 feet thick in one pLioo and 35 feet in another. The 
salt was said to ])e 98 per cent pure. A small house built of rock 
salt has been erected at the lake. 

MOHAYB BIYBB AK9 SINK. 

The Mohave Kiver rises in the San Bernardino Mountains, flows 
north and northeast tlirouL^li Barstow :ti!d Daggett along tlio line of 
the Atchison, Topeka & Santa Fe Railway, thence more nearly to the 
east, following the Los AnfTjolcs & Salt Lake Raihoad to Soda Lake, 
which is the sink oi Mokavo River, othonvise known as Mohave Sink. 
Silver Lake, north of Soda Lake, is in the basin of this river and 
the divide between Silver Lake and Silin-ian Dry Lake,^ which is the 
soiu*ce of the suuiii lork of Amargosa River, is only 30 feet high and 
consists of sand, the two river systems being separated by this low, 
fr:iil biii i'iei'. Ahihave liiver is about 100 miles long and, except 
during tlood season, has httle surface How, and then only in places 
where ledges lie athwart its course and force the water to the surface. 
The water of the river is saline but probably not so saline as that 
of Amargosa River. Saline effl orescen cc53: occur all along it*i course. 

Soda Lake or Mohave Sink duruig the wet season contains water 
which on evaporation during the dry season leaves a crust of sahne 
minerals, principally salt, sodiiun carbonate, and sodium sidphate, 
and small amounts of potush salts, borates, bicarbonates, and silica. 

1 Mendonhall, w. V., Some dmert wutt^rin^ piactv^ iu soatbt08t«m OaUtDnd»«iidMathwtstemN«fWia: 
U. 8. G«ol. Survey Watef^upply f>»p«r 234, p. 18, 1909. 
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Daring the wot season tbo dcLrrcc of concent r:\tioii of the solution 
has boon found to ranges from 2s2 parts per 100, 000 to complete sat- 
uration. Tlie area of the siiik is about SO square miles. 

Some salt has been made here by diverting water from tlie sur- 
rounding hills to certain parts of the lake. The salt is dissolved, 
and the brine is conveyed to vats and there evaporated. Only 
coarse salt has boon marketed from the re<rion. 

Samples of brine have boon collected by Jl. S. Oalo from Soda 
Lake or the sink of the Mohave Kiver, about 30 miles north of Lud- 
low, Cal. The analyses of these samples are given below. TTiey 
show the saline material to consist principally of ciilorides, sulphates, 
carbonates, and borates of sodium, and a small amount of pota^. 
The analyses by R. K. Bailey do not indicate the presence of lime 
magnesium salts, but the analysis by Oscar Loew * shows consider- 
able quantities of these bases. Loew's solutions were very dilute 
compared with those collected by Gale, but, as stated abovet the 
degree of concentration of the solutions occiuring in Soda Lake varies 
greatly, according to the season. The concentration of Loew's 
sample was approximately only one one-hundredth of that of the 
samples collected by Gale. The results of the analyses made in the 
Surrey laboratory and Loew's results are as follows: 

ilnoZirMf o/ inne* frwa, Soda Laie^ San Bernardino Cowni^t Oal. 
It>illcl<n tn gnuM per lltw* 



104 



Ca.**, 

COi... 
HCO,. 



0.009 
112.75 



I W 7.5 

12.20 
S.00 

2.62 

381.419 



106 



0.01 
145.28 



148.68 
74. 5y 
8.60 
2.83 

2.39 

382.47 
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104 


105 




0.01 
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256.60 


250.99 




None. 


None. 




None. 


None. 
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110.32 




21.62 


15.36 




4. 14 


3.93 




3. 40 


3. 10 




382.00 


383.71 



Na... 

CI.... 
SO, . . 
CO,., 
iico, 
B4O,. 



IM 


Mi 


0.002 


0.002 


37.43 


37- 'JS 


40.61 j 


90 


17.06 / 


19. SO 


3.|H 






■\ .74 




.63 


100.003^ moos 
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105 
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fl&.41 
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28.75 
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4 1.03 

. .n 



IW. Brine from Soda Lake, San Rcmardino rounly, Cal. Colles ted by H. S. Gale; R. K. Bailey, 
■nalvst. SiK'filic gravity, l.z'). 

105. Brine frum Sods Lake, San Bernardino County, Cal. Collected by U. 8. Uato; R. K. Baiky, 



» U. S. Goog. Surveys W. lOOlli Mcr. Auu. itept. iqr ibl^ p. 196, 
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ATuUyM of water /rom the saHne fiats of Mohave i?iver or 8oda Lake^ San Bernardino 

County, Cal. 

[Parts per ioo,cx)0 parts of solution. Oscar Loew, analyst.] 

Sodium chloride (XaCl) 170.8 

Sodium sulphate (Na.SO^) 63. 1 

Calcium sulphate (CaS04) 21. 2 

Magnesium salphate (MgSO^ ) 1 8. 5 

Oi^mic mattw 19. 0 

Potassiumi i,...,.^ Trace. 

Lithium Trace. 

Phosphoric acid Trace. 

Silicic acid Trace. 



282.6 

BITTER apuiN'oa. 



Bitter Springs, San Bernardino County, at the southeast end of 
Bitter Lake, in T. 13 N., B. 5 £. San Bernardino meridian, contain 
salt and socHum sulphate. 

DAOOBTT. 

Beds of salt mixed with sand underlying the desert in the vicinity 
of Daggett, San Bernardino County, are reported to have been util- 
ized years ago by silver miners. Salt is said to be associated with 
the borate minerals of the CaUco district/ north and northeast of 
Daggett. 

OWL 8PBIMO DISTRICT. 

The Owl Spnng district is in the northwestern part of San Ber- 
nardino Coanty, between the west end of Avawatz Mountains and 
. the east flank of Owl Mountains, and was named from the well-known 
''Owl Hole" or "Owl Spring." The southwestern or higher part of 
the district, whieh abuts the mountains, contains colemaniteand other 
borates, and the northeastern part contains deposits of rock salt and 
heavy salt crusts. Some niter also has been found. 

OTHBB LOCAUXISS. 

Other localities in San Bernardino County wh^e salt is known 
to occur are tiie Salt Springs on the south fork of Amargosa River, 
at the southeast end of Death Valley; near Saratoga Springs, 14 
miles northwest of Salt Springs (here the borax beds contain 20 per 
cent of salt); and Valley Springs, about 8 miles northwest of Sara- 
toga Springs, whose water is so salty as to be undrinkable. 

Valley Springs are probably formed by a part of the water of 
Amargosa River coming to the surface, as a rock reef extends across 
the valley and is exposed half a mile below the springs. An analysis 
of the water from the springs is as follows: 

1 Bailey, Q. Tbe saline deposits of Caliiomia: Caliiomia State Mia. Bur. BuU. 24, p. 12^ 1902. 
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AfuUi^t cf water frim ^22«y Sivingit Cai> 

[Qrams per liter; Thomas Price, analyst.] 

Sodium chloride (NaCl) 1,840. 72 

Sodium carbonate (NajCO,) 1, 721 U 

Sodium sulphate (Na,S04) 651. 02 

Sodium Wllphide 4G. 34 

Pota-^sium chloride (KCl) 132. 30 

Silica (SiOj) 14. 28 

Organic matter 13. 48 



Willards Lake is in tho northwestern part of San Bernardino 
County, in Tps. 30 and 31 S., R. 42 E. Mount Diablo meridian. The 
bed of the hike, hke most lake beds in this region, is impregnated 
with salt, and tho shore is marked witli white crusts. Willard's well 
is at tho northeast end of the drjiake and contains a good supply of 
slightly brackish water. 

BAM Lim OBiBPO oonrvT. 

Soda Lake or Salt Lake, in Carrizo Plain, contains iiujjortant do- 
posits of sodium sulphate, with which small amounts of ordinary 
salt are associated. Carrizo Plain is near tho eastern boundar}'^ of 
San Luis Obispo County, and the lake is in T. 31 S., Rs. 19 and 20 E. 
(Soo fig. 13.) The lake receives the drainage of the plain and the sur- 
rounding mountain slopes. Tho sahne deposits are estimated to 
cover an area of 2,600 to 3,000 acres, and tiicy iiuvc the following 
composition: 

Aticdysis of sail crust from SinJa Lake, Cal. 

fOeof^p Stpippr, rmalyst.) 



Insoluble matter 0. 40 

3.65 

Ka 3a 10 

K 23 

Ca 

Mg I 00 

Al 02 

SO* 65.29 

01 9.27 



100.28 

Exploitation of the deposits for sochum sulphate was undertaken, 
but operations were discontinued a few yeai-s ago and have not been 
resumed. Gale^ reports that soluble potiish salts are not as-sociated 
with the sodium sulphate in sufficient quantity to be commarcially 
significant. 

Water from the following springs in tho county ha,s been analyzed 
and found to contain salt: Near El Paso del Robles — ^Mud Spring, 

> Gale, IT. S., Sodium sulphate In the Carriio Plaiii, San Luis Obispo County, CiH.: V, S. Oeol. Survey 
Bull. 640, pp. 42$-433, 1914. Arnold, Ralph, and Jotuwon, H. B., Sodium sulphate la Soda L»k% Cacriao 
flaitt, fian Lnii Obispo Countj, OaL; U. S. Owl. Sunvr Ball. 380, pp. 309-372, im. 
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Sulphur Spring, Soda Spring, Garden Spring, Sand Spring, WhiteSul- 
l^ur Spring, Iron Spring, and Congress Spring; at San Luis Obispo — 
Sycamore Spring. 

OTHK& C017VTIB8. 

Other places in the State vhere salt has been found in small quan- 
tities axe as follows: 

CakmroB Comiy. — Salt springs occur on Mokelumne Riyer, 6 miles 
south of Silver Lake. 




Contour ttittrva] 100 feat 
FrauBi IS.— ICap of Soda Lake, Ban Luis Obispo Coonty, CaL 



Cnvfra Costa County. — Alhaml)rM Mineral Springs. 
Humboldt County. — Enrekti Springs. 

Lale County. — Allen Spring, Borax Lakis, Luko ITucliiiiliaina, Hot 
Borato Spring, Clear Lake, Howard Spring, and Siegler Spring. 

Lof^ Angel PS County. — According to G. E. Bailev * largo salt springs 
are found 14 miles from tha city of Los iViigelcs, but a more exact 
location is not given. 

iOp.«it.,p.l3tb 
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Modoc County. — Near Codarvillo. 

Napa Count'i^,—4^Uisi. Spnngs, Oalistoga Springs, White Sulphur 
Springs. 

Placer fnvnty, — Salt springs aro reported to exist near the Clippfir 

Gap iron mitio. 

San Benito County, — ^Andersons Sprino^. 

Santa Clam County. — ^B.citic Con gross Sprinp;^!, Alum Spring, Azule 
Spring, Blodgett Spring, near Gilroy, Now Almadeii Spring. 

Shasta County. — Salt was made at one time on Salt or Stinking 
Creek, 12 milos east of Redding. 

Siskiyou County. — Strong brine is reported to flow from a well near 
Yreka 675 feet deep. 

SolaTW County. — Tolenas S[)i'in;^. 

Sonoma County. — Santa Eosa Spring, Skaggs Springs, White Sul- 
phur Springs. 

HehaTna County, — ^Tuscan Springs, Little Salt Creek. 
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O^OIN AK1> FOBMATIOK OF SAI^INJS J>£POSIT^. 

AOB OF AAUHE DBPOSrCS. 

The deposition of salt has been taldng plao« probably during all 
geologic ages since the early Cambrian, and t!ie process is observable 
at the present time. Many of the most extensive de[>osits of rock 
salt in the United States, like those of western New York and of 
certain parts of Michigan, were formed during late Silurian time. 
On the other hand, most of the deposits in the desert basins of 
the West represent accumulatioiiB during Quaternary time. 

The following table represents the geologic distribution of salt in 
the United States: . 



Geologic diftribviion o/ taline depotiU and brina. 



Tim«. 


Locality. 


Recent. 


Salt formed or fomiing in inland seM: Omt flitt 
Lake, Utah; Luke at ZunL N. Mex.; OweWL 
Searles, and Mono lakes, Cal.; alkali lakea «f 
Oregon; salt plains or marshes In Oklahoma; 
trans-Pecds region of Texas, Nevada, New 
Mexico^ Utah, Califomia; widely scattered salt 
springa In Western States. 


Tertiary. 


Salt domes of Louisiana and Texas (part of Louisi- 
ana dei>o3it3 are Quatomanr and possibly lata 
Cretareous); dapeeits near IdaluKWjroiitliig biN> 
der; Virgin lUhm valley, Nev. 




BsvlerValleriUtali. 




Feimlaii. 


Kansas, Oklahoma, northwestern and wartem 
Texas, eastam New Mexico. 


Carboniferous. 


PemuflTaalui. 


Alone Obk) River near Pomeroy, Ohio, and Mason 
and HsrUbffd, W. Va.; Maiden, W. Va. 






S^aw VaUey, Mich.; SoltviUe, Va.; Filtsbuigh, 


SBurian. 


New Ymkf Mlefajgan (exdndlqg Saginaw VaUey)^ 
norttieni Ohto, 



GENERAL. PBINCirUSS OF DEPOSITION. 

II a saturated solution of a salt is concentrated by evaporation, 
part of the salt is deposited in crystalline form until the solution 
hn^ again reached equilibrium of saturation. DifTcront salts possess 
di tie rent degrees of solubility, or in other words, different amounts 
of them saturate a given amount of water at a given temperature. 
Therefore, if a solution containing equal amounts of several salts 
is gradually concentrated by evaporation one salt reaches its point 
of saturation and begins to crystallize before the others, fonning a 
4010i*--18--Bnll. 668 ^13 
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deposit of that salt; subsequently aootlicr salt reaches its point of 
saturation and forins a deposit mixed with more or less of the first 
salt, wliich is still depositing. Finally, after all the water except 
that retained in the crystals has been evaporated, a series of deposits, 
remains, grading from the deposit of the salt which tirst reached 
saturation at the bottom through various proportioi^ of the others 
to a deposit of the most soluble salt at the top. If the supernatant 
h(iuid is removed before the second salt reaches its point of satura- 
tion, the deposit of the first salt is only sUghtly contaminated by 
adhering solution and can be rendered very pure by being dissolved in 
fresh water and recrystallized. This is the principle of the ordinary 
process of purification by fractional crystallization. If, on the other 
hand, more of the original mixed solution is added before the second 
salt begins to crystaUize, the concentration of the first salt is de- 
creased less than that of the otlieis, and the deposition df it is thereby 
retarded leas; consequently a thick deposit of the fizst salt may gradu- 
all J be formed hy continaoiis evaporation and successiYe additions 
of mixed sohition, until finallj the concentration of the other salts in 
the solution becomes so great tiiat tiiey also be^ to deposit. This 
is the principle of separation followed in the graincr process. These 
fundamental processes, which can be demonstrated in any laboratory, 
are generally believed to have been followed in the formation of 
natural saline deposits. 

Sea water is tiie most abundant natural saline scdution, and it 
is generally beUeved that most of the great natural saline deposits 
of the world have been formed in accordance with the principles 
just outlined by evaporation of oceans or of sea water in semi- 
detached aims of oceans. Whether the sea water from which such 
depo^tions have occuned had the same composition as the present 
ocean is conjectural, thou^ many natural conditions support that 
common belief. Accorcting to Dittmar and others (see p. 219) the 
mineral matter in sea water has in round numbers the followiiig 
composition: 

Approximate average compotiiion oj the mineral matter in sea water. 



liadiclos. 



Conventional oombinatioas. , 
• t,\ 




Chloride rCl) 

S«<iiura (Na) 

Siilphatp (SO,). . 
Magnesium 



55.3 
30.6 
7.7 
3.7 
1.2 
1.1 
.2 
.2 




Mao 



100.0 
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Tlio oi"der und (lie ]ii<"s<»;iutude of natural saline deposits conform in 
general to tii« relative abundance and solubility of salts indicated 
in this table. Sodium chloride, the most abundant salt in sea water, 
is most abundant in saline deposits, and calriuiu ?>Lilphate, relatively 
small in quantity in soa water but also very low in solubility, ranks next 
in abundance in dt |M>sits. The salts of magnesium and ])otassium, more 
especially the cMorides, are very soluble and arc present in small 
proportion and consequently are less abundant in deposits. The 
order of deposition in general is in reverse order of solubility, but the 
presence of several compounds in the solution and the continually 
changing concentration of them affects materially their solubiiiiy and 
consequently their rate of deposition. The values in the following 
table show that calcium sulphate, for example, is relatively insoluble 
in pure water but is much more soluble in solutions containing 
chlorides. Mass action and the crystaUization of double salts also 
increase the complexity, so that the order and other phenomena of 
the deposition become extremely complicatad. 

The study of the solubility of definite salts in solutions containing 
various other salts constitutes a branch of physical chemistry. The 
results are usmilly expresse<l by curves. Examples of such curves 
may be found in any work on the phase i liIc,' winch deals especially 
with the charact-er and composition of the solid |)]iases or salts that 
may be formed at certain temperatures. Curves showing the solu- 
bihty of all cjommoii salts in pure water at different temperatures 
may be found in the physicochcmical tables of Landolt-Bomstein- 
Roth. The solubihties of oceanic salts w^ere determined by Van't 
Hoff, whose results have been published in special papers. Illustra- 
tions of all these solubility measurements may be found in books on 
the phase rule. 

In the following table are given the solubilities of certain salts, . 
most of which are present in ocean w»ter and enter in varying quan- 
tity into the saline d^iofiits resulting from ^iOi^e the complete or 
partial desiccation of such water. 

1 for vxampln, Fludlay, Aloiancler, TJa» j^taaanU Uid itatpsHeaiUmat liMgmans 4( Co., 1904. 
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BALT RESOURCES OF THE UNITED STATES. 



Solubility of crrtain ioUtfi 



Salt. 



Bodiiim chloride (NaTl) 

Do 

Do 

Do 

Do 

Sodium sulphate ( NaiS04. 101 (jO). . . 

Do 

Sodium sulphate (Na»SO«.71IjO).... 

Do 

Sodium bromide (Nalli ). 

Do 

Sodium iodide (Nnl.2H,()) 

1 o 

Potassium chhricle ( KCI) 

Do 

Potassium sulpl:.<t« ( K:i)(><) 

Do 

Potnss'ura bromide (KBr) 

Do 

Potassium iodide (Kl) 

Do 

Calaum chloride (CaClt OIliO) 

Do 

Calcium sulphulo (C»S04.2JI?0; 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Mognosium sulphate (MgSO^.TH'O) 

Do 

Magnesium chloride (MgClt.GlIiO). . 

Do 

MagiK-sium bromide (Mgi)r2.6lIxO). 

Do 

Mapiitsiiim io<li'!e (MrI:.s!I-o) 



Tempera- 
tnre. 



• C. 

0 
10 
25 
fiO 
100 

0 
2S 

0 
25 

0 
20 

0 
25 

0 
25 

0 
2S 

0 
25 

0 
25 

0 
20 

0 
35 
25 
25 
2S 
25 
26 
28 

0 
25 

0 
25 

0 
25 
25 



Amount of 
csompoiind 
out v/i\u-.T of crys- 
tallizatior 



piu» 
witb- 



Dissolved 
In lOO 

grams of 
water. 



Tiiaaolved 
in 100 
oahio 
centi- 
me ten £>/■ 
tbe soJu- 
tioo. 




oSoldcll, Athorton.TTandbook of solubllltiof?. New York, 1907. 

6 Sohition containing 8.5 grams p^r littir of Mi;f 'Ij. . 

e S'klution containing 19.8 grains per litor of MkCU. 

d Solution amUuning 20 prams \>vt \\Wr of Ml'S04. 

« Solution containing lO.M grams per liter of MkS04. 

/ Solution containing U1.15 grams jkt liter of NaCl. 

g Solution oont iining 2tV1.17 grams iH*r liter of NaCI. 

A Dissolved in 100 grams of the aqueous solution. 

Calcium carbonate may be ignored in this discussion, as it is not 
strictly to be considered among the salines, and its manner of deposi- 
tion is radically different from that of other substances.* 

The physicochemical principles just outlined have been applie<l 
in discussing the formation of saline deposits. The first theory here 
summarized and the one that has obtained the widest acceptance is 
the bar theory of Ochsenius, by which ho explains the formation of the 

> Vaughau, T. W., Preliminary remarks on the geology of the Bahamas, with special reference to tbe 
origin of the Dahaman and Floridian oolites; Carnegie Inst. Washington Pub. 182, pp. 47--5'4, 1914; also The 
building of the Marquesas and Tortugas atolls and a sketch of the geologic history of the Florida reef tract: 



Idem, pp. 55-67. 
Idem, pp. 7-46 



Drew, 0. II., On tbe precipitation of calcium carbonate in the sea by marine bacteria: 
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well-known deposits at Stassfiirt, Gei ru: ny. liussell's (liscus^^ion of 
an import nnt rnrollary of the bar theory, the desiccation tiieoiy, 
•explaining tiie process of burial of salines, particularly in the Great 
Basin of the Uintofl vStates, is next quoted. This disens^ion is 
followed by geiicral consideration of the origin of brines, i}ic origin 
of rock salt m the Salina of Xcw York, Ontario, and Michigan, and 
references to various types of saline deposits with their essential 
pecuUarities. Finally, the stratigraphy and imneralogy of the great 
potash beds of Germany are reviewed, as these deposits offer the larg- 
est and most nearly complete record of saUne deposition thus far 
discovered. 

THE BAB THEOBY OF OCHSENIUS. 

The tlieory developed by Ochsenius' in regard to the origm of the 
Stassfurt deposits is known as the "bar" theory. Ochsenius main- 
tained that deposits of such magnitude, purity, and uniformity of 
development as those in the Permian section at Stassfurt, Grennany, 
could be produced only by overflowing of the sea into shallow ooastal 
lagoons and subsequent evaporation of t^e sea water and the deposi- 
tion of its saline content. 

The salts dissolved in sea water are of the same chemical nature as 
those in the Stassfurt deposits. Sea water contained, however, less 
than 4 per cent of salts, and consequently the evaporation of a single 
body of sea water, even of great depth, could leave a saline deposit of 
relatively slight thickness; therefore the origin of a series of deposits 
like those at Stassfurt, with a thickness of 3^000 to 4,000 feet, can be 
postulated only on the theory of periodic additions of sea water. 
Ochsenius asserts that at least 40 periods of deposition must have 
occurred in order to produce only the average thickness of the Stass- 
furt deposits. 

The inland sea or lagoon in which the deposits of salts are supposed 
to have formed is assumed by Ochsenius to have been cut off from 
the ocean by a bar of such width and height that only so much sea 
water could flow into the inclosed sea as could be evaporated from its 
surface. To accomphsh the evaporation a climate with small rain- 
fall and conditions of drainage that preclude the inflow of much fresh 
water are postulated. K the bar were too low, as in tho Strait of 
Gibraltar, an outward undercurrent would result from the inflowing 
superficial current, and the more strongly concentrated solutions, 
which would sink by virtue of greater specific gravity, would flow back 
into the open ocean. • If the bar were too high, continuous union of the 
inland sea and the ocean would bo lacking. But tmder the condi- 
tions postulated by Ochsenius all the ocean water entering the in- 
closed basin would leave its sahno content during each period of 



I Oducoiiu^ ntt*"— *'**r- '*'*nTif iriir***'". Bail*, 1877. 
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evaporation, and deposits would form wkose thickness would be de- 
pendent only on the duration of the process and the depth of the 
inclosing basin. In the lowest part of the deposit calcium and mag- 
nesium carbonates would form. The point of saturation of the solu- 
tion for calcium sulphate would next be reached, and its separation 
would follow. Then sodium chloride, or common salt, would sepa- 
rate. Tims it is explained why rock salt usually rests on a layer of 
gypsum or aniiydrite, as well as wliy rock salt is found inter])eddod 
with those minernls. Tlie thickness of the mass of precipitated salts 
and the quantity of the more soluble potassium and magnosiimi salta 
in the supernatant bittern would iTvrease as evaporation proceeded. 
If no special conditions existed after the upper surface of tlie bittern 
reached the top of the dam or bar, a further rise in the former (corre- 
sponding to a fall in the bar) would cause a reflux of the heavy mother 
liqnoi-s into the open ocean, as at the Strait of Gibrnhar. In fliis man- 
ner is explained tlie absence of potash and mai::' K sium salts from the 
deposits of aniiydrite and rock salt of various geologic ages. 

In its fimdamental principles (bo bar tlieory of Ochsenius furnishes 
at least a logical explanation of the primitive origin of the Permian 
salt deposits. The progress of geologic disclosures and the more 
recent chemical investigations of Van't Hoff and his associates have, 
however, added greatly to conceptions of the mode of formation of 
the Permian series. It should be added that Ochsenius 's conception 
of the primitive mode of origin of the Stassfurt series did not meet 
with un i vers al acceptance. It was sharply criticized by J. W alther * and 
E. Erdmann.* 

Another theory, advanced by Walther, explains them by lixiviation 
of the saline contents of sedimentary rocks and accumulation of the 
resulting solutions in desert basins. The massiveness and liomogeneity 
of the Stassfxirt deposits, their chemical structure as a whole, and the 
entire lack of clastic sediments from which the salts might have been 
derived are weighty points in op})osition to Walther's theory. It was 
held to be untenable and was ably disputed by Ochsenius himself. 

DESICCATION THEORY, 

Deposits of salt resulting from the evaporation of inclosed seas or 
lakes are noi uncommon. The salt fields in Osobb Valley. Nev., the 
Bahne deposits leff^ l)y the c\ ap(>r;Uion of MidiUu Lake in Surprise 
Valley, Cal., in 1872, and the broad salt tield covering the desiccated 
basin of Sevier Lake, Uiak, are examples. RusseU^ states, however, 

that deposits of this character whicli liuve rosuiied directly from the 

— — " 

> Das Ges<?tz der WiLjtcnhil''nrit' Berlin, 1900; Ocliscolus's answer to Walther's critictaQly OfldlnBiL 
Minpr.ilogie, pp. 551-557, 1902; \\ alther's rejoinder Coutralbi. MiDeralogie, p. 211, 1908. 
» Zeltschr. angew. Chemlo. voL 21, p. 1266, 1908; vol. 22, p. 9>«. ItOO. 

* RoaseU. L C, Geological histonr of htm Ltitmm, ft QoMMrr «f northwvilMn Nmtei D. flL 
OML Sorvigr llOB. U. !». 221, 1885. 
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evaporation of the former Lake Laliontan are nowhfiie to be foDsd 
in the deposits of the Lahontan basin. He says: 

The accumulations of common salt , sulphate of soda, etc., occurring in considerable 
quantities at corfain lof alitiea hiwv in all cases been depoeited since the evaporation 
of the former lake. lu some iusiaucea these accumulations are due to the leach- 
ing ci mline claya and the evaporation o! the resultant brine in restricted areas, 
88 in the case of the tsAt fields in Alkali Valley; at other times saline dejKisits of ooii<« 
siderable thickness have resulted from the evaporation of spring ^teiB. Over very 
large nrens. the Tiahontan l)ed8 are frefiuenlly whitened with a saline efflo tes c o nce, 
which also owes iti* arrtimulatiou to secondarj' causes. 

Wherever the Lahontan sediments have been examined they have been found more 
or leas highly cluaged with salts of the same chanw^^ as tboee fliat wen meet comaaoa 
in the watMs of the former lake. The total quantity of saline matter thus impiiaoned 
is certainly very great and ia MBinned to represent the more soluble substances c(m- 
trilHited to Lake LaliontHn. 

Tlio apjjurent aiioiiuilou.s j)h(Miorneiia of the deKsiccation of a great lake without 
leaving a t*ar{a< e deposit oi* salt seems explicable in only one way. Adopting the 
suggestion advanced by GUb^* in explanation of some portion of the history of 
Lake Bonneville, the abswce of saline deports is accounted for by the hypotheeia 
that they were buried and absorbed by lacusttal clays and playa deposits during 
periods of desiccation. 

The freshening of a lake by desiccation may be illustrated in all its stages in the 
various basins that ha^•e been examined in the far West. A lake after a long period 
of concentration becomes strongly saline, and finally evaporates to dryness, leaving a 
deposit of various salts over its bed. During the rainy season the bottom of the basin 
is converted into a shallow lake of brine which deposits a layer of sediment; on evap- 
orating to drvTK*?? dtirinn: tlie succ eeding arid season, a stratum of salt is deposited, 
which is, in lurn, LH>vered l»y sediment during the succeeding rainy season. This pro- 
cess taking place year after year results in the formatiooa of a stratified deposit consist* 
of salts and saline clays in alternating layers. The sdine deposits may thus become 
more and more earthy until the entire aminal accumulation consists of claya. The 
site of the former lii'.o then 1>eeome3 a playa. A return of humid conditions would re- 
fill a i^axiin of tiiis cliuracter and might form a fresh-water lake, the bottom of which 
would be the level surface of the submerged playa. 

The larger lakes of the Lahontan baain,aa well aa a number of leas importance in 
east^ Nevada and southern Oregon, are without outlet. They occur in basins that 
in almost all cases were occupied by much largw water bodies during the Quaternary, 
which, like their modem reprewntatives. nfvcr ovorflowfd From Ihf Innf period 
of evaporation that has taken i)lace one would expect liie existing lakes to l»e dense 
mother liquors. The fact is, however, that they are but slightly charged with saline 
matter, and in some instances are sweet to the taste and suffidently fresh for all culi- 
nary purposes. In many localities the lacustral beds surrounding and underlying the 
present lakes are highly charged with soda salts, which rise to the surface during the 
dr>' seafon af^ efflorescences. As these lake basins were never filled to ox orflowing, 
we are forced to conclude that influx was counterbalanced solely by evaporation, and 
that during periods of exU-eme desiccation the saline depoaitt becaaue buried and 
absorbed by the marls and clays which accumulated in the vaJleya. 

Rtissell further dcTelops this theory in & later contributioa:^ 

As shown by the average ( umposition of river water, about one-halt of the total 
aolids carried In solttt&m by surface stxeams is calcium carbonate. This is the meat 

* Gilbert, G. K., Lake BoniMviUB: U. 8. OmL Survey Moo. 1, p. 208, 1880. 

iRiiaaeU, L C, Fiawnt and sattinot kdMs of ^svailK Kat Owe. 800. Men.* ▼ol. 1, No. 4, pp. 10I>132, 
IMS. 
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' difficult of H<>luti(>n of any of the salts ordiaimly foun<i in mich w&tere, and the firet 
to bo precipitatod when ooncentration by evaporataon t;ikee place. . The more eoiuble 
nltB coamelb mainly of sodimn (nilpliatef soditmi euHaaaato or l»i!tt4>onatc, sodium 
dilozide, magnedum, jMtaah, iron, etc. 

Tile amount of tlieee more soluble Bubstancee carriei into Lake Lahontan moBt 
tbercfnre have boon about equal to thn amount of (ulcare.)tia tufa pren" pita ted. As 
the lake never overflovveJ, these sa!t^ must stiii exLst in its now iitiarly desiocaU'd 
basin; yet, in riding through the vaiieya that were fOTmerly flooded, no deposits of the 
ttlts lefeired to can be found at all commenaotato with the vast quantity of caldam 
carbonate that attracts one's attention. 'Hke disappearance of the salts refemd 
to seonis to be satisfactorily explained in the following hjrpothesis: 

After the last great xb^o of Lake Lahontan there was a long-continued episode during 
which its basin was more arid than at piostjnt. Evaporation during that lime ia 
thought to have been equal to precipitation, and the reaidual lakes were reduced 
to the playa condition— tihat is, the renuuits of the great lake gathered in the lowest 
dqnessions of its basin were annually or occasionally evaporated to dryness, and their 
contained salts were precipitated and either abaorbcKl by the olaj^, etc., deposited at 
the samo time, or buried beneath such mechanical deposits. The ])r.>f< ss rnay be ob- 
eervtxl in action in many of the valleys of Nevada in which ephuiaeial lakes occur. The 
broad, naked playas of Block Kock, Smoke Creek, and Carson deserla, as well as the 
levd floors of the basins occupied by Pyramid, Winnemucca, and Walkor lakes, are in 
support of this hypothesis. Should the lakes just mentioned be e \ a j lorated to dryness, 
playas would be left .similar to those in neighl)oring vall(;y.s of Ie.s.g depth. It ir? beneath 
the level lloors of these v alleys and lake basins that the more soluble salts once dis- 
eoived in the waters of Lake Lahontan are buried. Uorings at certain localities might 
reveal the presence of strata ot variotts salts, but in most cases they are probably 
disseminated through great thicknesses of clay,aand, and othermechanical sedimoitB. 

Deposits of salt and gypsum must huvo formed in pai*t geologic 
epochs l)y direct deposition from origirutl solution or by leaching from 
otlicr sail beds or diffused salts in udjoiiiing urt as, followed by depo- 
sition. Deposits formed by the first mclliod inuy be termed primary 
and those formed by the last method secoiidaiy. Tiio existence of 
such dep(jsits therefore indicates the former presence of continental 
seas or of arms of the ocean which were separated from it by the 
uplifted parts of the earth's crust or by bars or reefs. The saline 
content of such waters has becji increased by influxes from the sea 
or from streams. A necessary furtlier condition is evaporation 
in a comparatively rainless climate like that in many deserts of the 
world to-day. All these conditions have doubtless existed in some 
part of the earth's surface ever since continents have existed and have 
been subject to osciUation. 

The salt domes of Louisiana and Texas are most probably examples 
of secoiidaiy deposits formed by subterranean leaching of other 
deposits. The salt in these domes was derived by leaching of older 
salt deposits and was later redeposited or crystallized from ascending 
solutions among Tertiary, Quatei jiai y, and possibly late Cretaceous 
beds. Tiie age of the rocks from which this salt was derived is not 
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^known, but it may have been late Paleozoic or oarly Mesosoic; The 
beds of rock salt in southweBtern - i i a nlso are secondary.* 

Tl)c most insfnictive example of what is usually considered, at 
least in its main features, as a primary saline deposit is that known 
as the Stnssfurt deposit, in which the complete or nearly complete 
series of salts was formed and has been preserved so perfectly and on 
so grand a scale that the deposit constitutes the only important 
scarce of potassium salts now known in the world. The only other 
noteworthy occurrences of potassium or mother liquor Siilts are those 
at Kalusz and Stol)nik in Gralicia, and those in Alsace.^ The de- 
posits in Spain and Chile are not well known, and only a few com- 
mercial reports have been issued with regard to them.^ 

FORMATION OF BOCK SAX.T IN MICHIGAN, NEW YORK, AND 

ONTABIO. 

The formation of rock salt has been explained by two hypotheses, 
one assuming it to be of marine origin and the other to be of conti- 
nental origiji. The marine oric^in of salt beds has already been out- 
lined as the bar theory (pp. 107-1 98). 

The continental theory has been stated by Grabau and Sherzer* " 
in accounting for the deposits of rock salt in the Snlina formation of 
•Michigan, New York, and Ontario. After the disappearunce of the 
Niagaran sea from conlinenl?d Xorlh America and during the ensuing 
arid period, the (h^position of Salina muds began iii the Michigan- 
Ontario-New York area, which consisted of one or more bjisin-shaped 
depressions. As these muds were derived from the Niagaran rocks, 
which are largely calcareous, the ch^posits were likewise calcareous, 
though the argillaceous sediments arcabundnnt, especiallv' in Michigan. 
During exposure of these limestones, which were impregnated with 
a small percentage of saline ma t tt r, salt and gypsum appeared on them 
as an eiiiorescence, which during rainy periods was dissolved and 
washed toward the center of the basin, where it was deposited by 
evaporation just as salt is being de]>osited in the desert basins of 
to-day. Before that time the Salinasca had occupied only the deeper 
basin where rock salt is now found. The general conclusion is diawn 
bv Grabau and Sherzer from their calculations that the Niajmra rocks 
alone were able to furnish all the salt that exists in the Salinii of New 

I stoso, G. W., G oology Of the aalt and gypsum depoalta of louthweitiani Vii|^a: U. 8. QtoL Bmytf 

BuU. 530, p. 255, 1913. 

s Oocke, II. E., UubcriichtderlOiiaralogie, rotrographJe, uodGeologlederKBUMlB-LBgefstittcn, Berlin, 
1909. Die Kulibcrgwcrke im Oberclsass; abstiacted ham Jahnsb. der Induitiiellesi Q«iell. v<m Hill' - 
lwtiaeii« im ELsass, Stiaaaburg, U13. 

* Bvxel, C. B., U. 8. CoDsiil Qonenl, Barcelona, Spain: BtippleiiMnt to Commerco Reports No. 15 C, 
July 10, 1915. Saloedo, S., Eng. and Min. Jour., vol. KX), p. Jis, Aug. 7, 1915. 

* Qiabau, A. W., and Staener, W. U., Tbo Monroe formation of Michigan and adjoining logions: Miobi^ui 
0«oL UMl BioL Barwft Fob. S» QtA wr. h PP> 23Ma^ 1910. 
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York, Ontario, and Michigan. TuxrenUne/ howo^er, believ«8 tliit 
cortuin assumptions made by Grabau and Sbener xmneiomuaify 
introduoo doubtful elements. j 
If the theory propounded by Qrabau and Shenser is correct iibmt 
apfx^rs to be no hope of finding potash salts in the Saliaa of eithert 
New York or Michigan, unless such salts were oeduded and huM 
deposited with the common salt in the Niagaran. In Tieiw, however,! 
of the explanation given by Qrabau and Sherzer that the saU and \ 
gypsum in the Salina deposits represent the old sea salt impiuojisd 1 
in the Niagaran and eariier marine strata at the time of theiriSxnDa- 
tiou uudor the sea and their statement that the beginning of ihe 
period during wliich the SaUna dojwsits were formed was charwr\ftx- 
ized hy tlie withdinwal of the widespread Niagaran sea it appear? j 
to ])e a Warrant al)le assumption that desiccation of the Niagu:.: 
sea jnay not have proceeded to the point where potassium saii 
Would have been dej)o9ite<L It is interesting to note in connection 
v/itli this (liscussion that the upper strata of the salt beds in Nev 
York ctnitain a hir^er proportion of magnesium cliloride tlian the 
lower strafM,^ a condition that indicates final deposition from the 
mother liquor, 

THE DEAD BKA. 

The Dead Sea in Palestine furnishes a present-day example of &n 
inclosed sea that is becoming more strongly saline by the influx of 
salts dissolved in its affluents. Its water is a bittern, the result of 
evaporation during a long period. Its large content of mMg- 
nesium chloride OSgjOla) proves that much of its sodium content 
has already separated. Since this body of water has inflowmg 
streams and no outflowing streams, the water added to it is expeihd 
only by evaporation, which leaves behind the salts canied in i 
solntion. The River Jordan, the principal affluent, is lick in 
dissolved salts obtuned by the leaching of sediments in the area 
from which it flows. It is particularly rich in sodium and mag- 
nesium chlorides, containing in 100,000 parts, 52 parts of sodium 
chloride and 32 parts of magnesium chloride. From this river j 
water the sodium chloride will separate first, leaving calcium cldo- 1 
ride and magnesium chloride behind. As sutui ius Liic river water 
reaches its destination, it loses sodium chloride at the same rate at 
winch it takes up magnesium chloride. In the Dead Sea, therefore, 
there has resulted a mother liquor, wliicli at a depth of 650 feet con- 
tains in every 100 parts 25.3 parts of dissolved salts, wliich reduced 
to percentages are as follows: 

1 TurronUae, J. W., The cK-cuminoe of pvMiMi stfli in tlM nOttM oCtlw UaltedatataR V.a^. 
Dept. Bur. Soils BuU. p. 22, ion. 
> Mmillt F. J. H., Salt and gypsum indMiWN ia Nmt Yoric: Mdr YqA Btato Mmmm BnlL U, 9. 0. 
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SMU diuolved in toaUr DeadSea. 



Sodinm chloride (NaCl) 25. 2 

Magnesium chloride (Mg< .la) 64. 75 

Potassium chloride (KCl) 3. 4 

Calcium chloride (CaCl,) 4. 3 

Magneaiuui bromide (MgBr,) 2.0 

Potaetdum sulphate (KaSOJ 3 



Complete evapoifitiou of this body would yield a saline deposit 
consisting principally of magnesium chloride, with which would be 
associated sodium, calcium, and potassium chlorides and smaller 
amounts of bromides and sulphates. 

Continuous deposition of salt in a partly inclosed arm of a sea is 
now taking place in the Karaboghaz, a gulf on the eastern side of 
the Caspian Sea. Though the water of the Caspian Sea contains 
only 1.3 per cent of saline matter, the water of the gulf contains 28 
per cent.' Water continuously flows from the sea into the gulf and 
is there evaporated. A continually thickening layer of rock salt 
and Glauber salt is forming on its bed, and a gypsum crust is form* 
ing along its shore. 

THS SXASSVUST BSPOSITS. 
EXTENT AND DEVELOPMENT. 

The term Stassfurt deposits is misleading, as the German potash 
deposits are of much broader areal distribution than the territory 
near Stassfurt. Tliey occur in a large area in middle and northern 
Germany and also on the lower Rhine. • 

Geologicallv tlie <'ity of Stassfurf is in the southetistern part of 
the Magdeburg-] lalljei-stadt-Zfeiihsteni i^asin. The natural boundary 
of this bnsin on the s<iTith i'^ the liarz Mountains and on the north 
or northeast is the Kieciitmger Hohenzug. The basin is open to tho 
w&it. Geographically the city is m the central part of Germany, 
at the northern border of the Duchy of Auhalt, not more than 20 
miles from Elbe Kiver. 

Mining operations were commenced ui>uut 1857, and the first two 
mines on tiie so-called Stassfurt saddle are tliose of Heydt and 
LeopoldshaU. The potash industry developed rapidly dm ing the 
last quarter of the nineteenth century ; shafts were sunk north and 

> Analyst's by C. Schmidt, Acad. Sd. St .-I'.'f .TshourK Hull., vcJ. 21, p. 177, 187^ quoted by C)ack»| F. 
W., The data of geocbemisUrf : U. S. Geoi. Survoy Bull. 616, p. 166, 1916. 
•TlM pltttaB cMtaMln DieitfaolilHMii SUIlM^^ 
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south of the Harz Mountains; operartions were pushed into the 
province of Hanover, and during the last few years they have extended 
into the northern and northwestern parts of that province. East of 
the Flechtinger Hohenzug deposits of potash have heen encountered 
in a number of borings, among which are those at Sperenherg and 
Rudoi*sdorf, near Berhn. In northern Germany deposits of potash 
salts are known and are worked at Ilssenitz and Friedrich Franz 
(Lubtheen), in the northwest corner of Mecklenbui^-Schwerin. 

ZECnSTEIN SECTION. 

Only the saline series of the Stassfurt-Egeln saddle corresponds com- 
pletely with the theoretical arrangement of salts deposited from evapo- 
rated sea water. It is, therefore, a singular coincidence that these 
salts should have been discovered in true theoretical arrangement in 
the small area in which the industry had its beginning and in which, 
therefore, tlio deposits were first studied and are best known. Hence 
the Stassfurt type of the immense Zcchstein (Upper Permian) 
deposits may bo considered the primary type, of which all other 
deposits arc modifications. The section of the Zechstein deposits 
at Stassfurt from the lower boundary of the Buntcrsandstein (lower 
Trias) downward is as follows: 

Section of saline deposiU at Stassfurt, Germany.*^ 



Material. 



Thicknas. 



At its lower 



1. Massive red clay; contains nodules of anhydrite and streaks of rock salt. 

boiindary occurs a layer of ijihydrite 0.3 meter to 3 meters thick 

2. Rock salt 

3. Anhydrite,' contains scattered crystals of rock salt 

4. Massive rc<l clay; contains nodules of anhydrite and streaks of rock salt 

5. YounKor rock salt ." 

0. Youneor anhvdrite (llauptanhydrit«) 

7. Oray saline clay 

8. rarnallilo reRion (Ktdimuttcr laj-cr) 

9. KJeseritc rcpon 

Polyhalito region 

Older rock siilt (anhydrite recion) » 

OI<lcr anhydrite; interl>edde(l with liituminoas dolomite rock (.stinkstonc)cji(l one or two 

layers of rock salt, agprogating in thickness 10-13 meters 

Zechstein chalk or limestone 

Cupriferous slate, Zechstein conglomerate 



10. 
11 
12 

13 
11 



}fttm. 
20-30 
N 

100-150 
40-90 
4-10 
30-40 
30-M 
40-00 

300^ 

70-100 

4-ra 

0.M 



a Evcrdinc, H., Dcutschlands KalibcrRbau, Berlin, p. 3fl, 1907. This section o^co^ in its main features 
with ttiat of V. Keimann, Die (Jeologie der deuLschen iSaizlaj^crslitltca, blasslurt, p. 20, 1M>». Sue aL>o 
the section of L. Loewe, Zeltschr. prakt. Geologic, 1903, pp. 332-333. 

This section may be compared with the diagram (fig. 14) repre- 
senting a section in the shaft of the Ludwig II mine at Stassfurt. 

The Zechstein limestone (13), the principal member of the lower 
part of the section, is a purely marine fonnation. The deposits 
above it, with the exception of the intennediate beds of clay (4 and 7), 
represent materials precipitated from evaporated sea water. The 
beds of clay indicate interruptions in the process of desiccation, during 
which there were influxes of muddy water containing suspended 
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BULLETIN GG9 PLATE XVII 




A. IIED OF "MIXED SALT, " LIVONIA SALT MINE. LIVONIA, N. Y. 
From Report of New York Slate ORologi.st. 18% (PI. I). 




B. STRATIFIED SHALE AND SALT, BEVIS ROCK SALT CO. S MINE, LYONS, KANS. 

Photograph hy Sam Aiiuiwortli. 
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m^ttaial' tbat .iermfid layers of clay oar s^iale. Budi-inftomediate 
laym *are dMracteristic of salt d^poaito and have been observed m 
the salt mines ol New York, KaiMMW, and other .Stotos.^ (See PI. 

xvn.) 

The older saline series begins mth the masses of anhydrite (12) of 
the middle Zeehsteui, most of the middle portion of which is the 
-80-oaUed dder rook salt (11). The end member of the middle 
Zechstein is the camaOite region (8). In tiie section (fig. 14) gray 
saline day (7) is repre- 
sented oyerlying the 
camallite region. 

At Douglashalle a 
layer of salt intervenes 
between the camallite 
and the clay. In parts 
of the field kainite over- 
lies the carnallite and is 
in turn overlain by syl- 
vinite, as is iUustratcd 
in the section at the Lud- 
wig II mine (fig. 14) . The 
total thickness of the 
older rock salt (11), the 
poly halite region (10), 
and the kiescritc region 
(9) is estimated by 
Loewe ^ to range from 
150 to 1,()0() meters. As 
the older rock salt is im- 

pro^rnated with anhy- 

Ar 'i i X ; f i a /% • ; f r n o f /irl f V» 'toww 14.— SectlOD of tiolt Ih German potash mino, Ludwig II, 

uiiic, It IS aes^i^naiea ine stassfurt, Germany. (After a Hpurc in "The StMrtirt indiia- 

anhydrite region in the fy/' published by the German KaU WorJts.) 

section. The gypsum bands are interpreted as annual deposits 
(Jahres Binge) due possibly to seasonal variations in temperature or 
to alternating drought and rain. 

Above the intermediate layer of saline clay (7) there follows a 
younger series of salts, beginning with another massive deposit of 
anhydrite (6) , and continuing upward with rock salt (5) . Unlike the 
lower series it is not capped by a zone of potash salts but is over- 
lain by a bed of red clay permeated with nodules of anhydrite (4). 
Above this intermediate clay anhydrite (3) and rock salt (2) are 
again repeated. This youngest and comparatively thin bed of salt 
is not succeeded at Stassfurt by mother-liquor salts but is capped by 

I Luther, D. D., The brine springs and salt wells of the State of Now York and the geology of the salt 
Met: NfW York State Oedocist nztoentli Ann. B«pt, pp. 17S-298, 1809. 
•Lom» Ztftadv. inkt. O«alogle, IMS, p. 833. 
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a deposit of red clay coutaiiiiiig auhydritc nodules aiul having a thin 
layer of an hy ante at its base. The rod clay is overlain by clay 
sediments of the lower Buntersaadstein. 



MINBBALOaT. 

Thp numbt r of minerals mined on a eommerrial scale at Stassfurt 
is siiiiill coraparod wiUi the total number found there. Thus far 
appj (iximately 30 iniucrals have been found. They comprise chiefly 
the clilorides and sulphates, the main mineral constituents of sea 
water, as shown in the list balow: ^ 

Mmenit in At joImc dbpotAt, SkuffitH, Qmmf. 



Anhydrite CaSO^. 

G ypsum CiS04.2H,0. 

KMoerite lijKS04.H/>. 



Langbcinite K^^^f )^.2MgS04. 

SchoeuiLe MgSO4.Ka8O4.6HaO. 

Piolybalite MgS04.2CaS04.KaSO«. 



Ruck Biilt. . . ,...I^ajCi. 

Syivite KCl. 

Cunallite MgClt.KGL<H^. 

It minerala. 

BischofitP Mgf'l>.CTI,0. 

Tachydrite (;»( lj.Mg<1..12HjO. 

Boiacito tMgaBAv^gt la 



Rare nmerals or mineraia ooly l»caUy afcuadant. 



GlaBerit« KNa^jPO,. 

Reichardite MgSOi.fHjO. 

Loonitc MgS04(KNa)3S04.4naO. 

Aatekaiiite MgBO4.NasSO4.4H3O. 

Gkuberito 0aS04.Na^4. 



Kruglte MgSO,.4CaS04.K^04. 

21130. 

Rinneite FeCl,.3KCl.NaCL 

Aachatite 3fgB0«H. 



Very rare miner&U. 



Loewite MgSO, . Na.,SO, .2 i H,0. 

Vanthoflit© Mgi>04. SNujSO*. 

Syngenite CaSOt.K^Of.HaO. 

Keonentte AlA-3Mg0.21lfCM(ar 



Pinnoite MgB^O, .3TT3O. 

Kaiiborite KMg.B,iO„.9H,0. 

Sulfoboxite MgoB40,o(S04),.9H,0. 



The researches ^ of V^an't Hoff and those of Precht and Booke 0x1 
the iron salts iiKhcate that several more minerals (as Usted below) 
may be found in the« Stassf urt deposits. Some of them have already 
been found at other places. 



< Doeko, U. E., UflMnioUi du lfliMDal«iK FMnfrapkK and G«oU«le 4w K i Mw I tJ ^^tt Htt a n 

pp. 10-11, 1909. 

<Collwt«d teggrWIdting &tr wwnfaclMin IWmMagmiiuM, v«h. l«*d t, BM IMt; akoid BtultA. 

cbem. Gc%'ll. Tier., x(± 12, p. ::7, IHTO; vol. H, p. TSX, IBHi In fHtk 111 K. Akid. WJm. Biriiii Sftaoiip* 
ber., 1909, pp. 632-C38; Kali, vol. 3, p. 147, 1909. 
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Bonlei. 



Chlorides. 



Thenardite (NajSOi).* 
Hexahydreted magneidam nd- 

phat6(Mg604.6H,0). 
Potassium poDtacalciumsalahftte 

(K^v60(iaO4.H«O). 



Tincnl (N"acB<07.l(trT..0).a 
0.{uhedralhora\{Nii2li407.5njO). 
Boronatr oealcile (NaOaBiO». 
8n,0).» 

TctrahydratM sfxliiim calcium 

borate (NuCaB,Oj>. 4HiO). 
Cotemsoita (CasB|Ghi.ftH2p).« 
PraderraBe (0R^Bfl0!R.58^).« 



Tetrahvdmtod ferrous chloride 

(FcCl,..lH50). 



DihydratiMl ferroiis chlorido 
(Ft'Cl,.21IjO). 



Ferrous magnesium chlorido 



(MgClj.FeCU.SUsO). 
Don^astto (FeCla^KCl. 2H|0).» 



• Fmiad in natural dMpostts at aUiet |dao60> * 

* Belief by Preobt to be a mixtiwe of rack Brit» aylvtte, and 3.5 per oeat ttmm dhlorida. 

Of the 28 saline minends named above only 6 constitute the mass 
of tho Stassfurt deposits * — rock salt, kieserite, sylvite, camalUto, 
and kainite. Kainite is limited almost entirely to the zone of alter- 
ation at the apices or saddles (hutzonen) of the Zechstein beds that 
are buried under and folded with the overlying Mesozoie rocks. The 
other salts also are found in these cap zones, but they occur as well 
in the deeper Zechstein deposits. The stnicttire and appearance of 
the salts in the cap zones are, however, very different from those of the 
more deeply buried salines. Tho salts in the cap zones are usually 
believed to be secondary and those in the regular Zechstein series to 
be primary; some investigators believe, however, that changes took 
place in the Zechstein in the originally deposited salines, and if that 
is true they likewise may be considered truly secondary. 

Dolomite (calcium-magnesium carbonate) occurs in the footwaJl 
of the salt deposits, but not a trace of it has been found in liie salts 
themselves. Bromine accompanies the chlorine, particularly in the 
minerals bischofite, camallite, and sylvite. Ircm and aluminum are 
present and impart to the salts with which they are associated the 
hues peculiar to their compounds. Minerals that are usually color- 
less fire reddened by ferric oxide (FejOg) or blackened by magnetite 
F(>3()J. Aluniijuim silicate or clay ^ves its chtiracteristic gray shade 
to the minerals that it accompanies. Considerable quantities of iron 
ocx*ur locally in the form of the mineral rinneite, and nlumiiumi occurs 
in tlie salt clay and in the efflorescences of the mineral koeuenite 



Iodine, boron, and "silicon are miiiur eoustitucjits of sea water. 
The fii'st element is fuujid in small qiiflntity at Stassfurt, and boron 
in tlu> ioiin of borates occurs in somewhat larger but insignificant 
amounts. Sijiea occurs as microscopic crystals of quartz in the 
residue from the sohition of some of the ^ults: it is present of course in 
lart^e quantities in the salt clay. Not a trace has been found of many 
of the elements that are present in sea water. 



(Al03.3Mg0.2Mga2.8H,0) . 



1 Ev«nUnt^ JL^ Znr Qoologte dor ZodttMnaalie: DeutiOhlands KaUbwiban, Borttn, pp. 1«07, 
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If the final hittrtii was dciK)sit.{»(l l>y evaporation it wouitl seem 
that the pr( >( nee of such easily detoctcMl elements as manganese, 
copper, and pl'osphorus could be established: the coiuUtion of the 
deposit indicaii's, liowevor, thai tlie final bittern flowcil ba< k inu) 
tin? open ocean. TIic conditions for finding some of the loss abundant 
eleinciius are nion^ propitious, either because (lioy arc present in such 
form as to separate readily from the inateriMl ns-'oriated with them— 
rii])idium, eacsiiiin, litliium, thallium, and ammonium — or }>ecause 
the most refined methods were employed in searching for them, as for 
silver and gold. Celostite, rutile, sulphur, and pyrite are present. 
The two latter minerals were appiireiitly produced from the sciii^ktttas 
as a result of reduction by organic matter. 

The two t3^pes of secondary alteration indicated below are sepa- 
rated by a long time interval, which is r^resented by the «iitOB 
Triassic, Jurassic^ and part of the Cretaceous. The saline conh 
pounds that were formed during the two periods of alteration are 
alike in chemical composition but different in structure and appear- 
ance as well as in position. To call them both secondary, therefore, 
k confusing, for the decision whether a deposit is secondary in one 
sense or the other or whether it is primary is of great practical im- 
portance in judgmg a deposit, in placing it in the geologic section, and 
in locating shafts for mining operations. It is highly desiraMe to 
replace the ambiguous designations by terms that will dosely indicate 
the genetic relations between the original form and the alteration 
forms. To meet this difficulty certain GermMi scientists haye pro- 
posed the terms, mother formation, descendant formation, and 
posthumous formation. Mother formation (Mutterbildungen) is 
used to indicate those saline deposits whose composition and structure 
indicate that they must have been produced directly by evaporation 
of an inclosed body of sea water; subordinate to this are "mother 
rock .-cJL'' (Mullei'steinsuiz) "mother potash salt" (Muttorkalisalz), 
and "mother sahne series" (Muttersalzfolge), whose meanings are 
obvious. Descendant fonaatiou (deszendente Bildungen) i^. uppheti 
to those de})osits which resulted from the transformation or tdteration 
of tlie mollier formation inmiediately after its precipitation and 
duruig Zechstein time; the materials com})rising the formation are 
called the dcscendaiit salts (Deszendenzsalze), anil the period of their 
origin the descendant period (Daszeiulenzjjenode). Posthumous 
formatimis arc those salts that are regarded as having origma(4 d in 
post-Permian time, after the mother formations and the descendant 
formations had been covered by Mesozoic rocks; they have been 
mvolved in the folding and faulting of the Mesozoic cover. The. salts 
occurring in the cap zones belong to the posthumous formation. 

The rock salt, kieserite, sylvite, and camallitc at Stassfurt occur 
in the three groups of formations just defined. To assign a salt to 
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tlie proper period of origin its structure, petrographic character, and 
otlier characteristics must he ascertained, as well as the paragen^is 
of its associated mmerals. Rock salt, for example, separated origi- 
nally as mother rock salt. It may have recrystallized as rock salt 
during the descendant period, and later it may have recrystallized 
again as posthimious sidt. dbemically the salt remained the same 
throughout the different periods but petrographically the mother, the 
descendant, and the posthumous rock salts are distinct. These re- 
lations are true not only regarding the simple minerals like rock salt 
but also regarding the more complex minerals, whose molecules are 
made up of molecules of several earlier minerals. Only a study of the 
petrography and the geologic relations of the formation in which the 
minerals are situated furnishes a basis for a conclusion as to the type 
of saline. 

The most impurtant potassium minerals both piuctically and 
scientificully in the Stassfurt deposits are sylvito. and carnallite. 
Distinctive names have been applied to mixtures of sylvito with other 
minerals. The mixture of sylvite and rock salt is called syh nute, 
and the mixture of sylvite, rock salt, and kieserite is called hartsalz. 
No such easy classification of carnallite and its associated minerals 
has won widespread usage. Despite il i< fact that one of the principal 
mixtures found in the Stassfurt deposits consists of rock salt and kie- 
serite and 55 ])er cent of carnallite, the term carnallite is usually 
ai)})lied to it, a mixture of carnallite and rock salt is also known as 
camalUte, and lastly the pure mineral itself is known as carnallite. 
These confusing uses of the term have led Everding * to suggest a 
nomenclature hke that of sylvite and' its associated minerals. He 
proposes the name camallitite for the mixture of camaliite and rock 
salt, and the name hauptsalz for the mixture of carnallite, rock salt, 
and kieserite, which is the principal product of the potash mines. The 
term carnallite is thus restricted to the mineral itself. The posthu- 
mous mineral kainite occurs in the cap zone intergrown with rock salt. 
Everding has proposed the term kainitite for this mixture to distin- 
guish it from the simple mineral itself. 

The most abundant accessory minerals in the potash deposits are 
anhydrite, boradte, langbeinite, schoenite, and bischofite. Particles 
of day are distributed throughout the formations. Rock salt and 
anhydrite are disseminated in all the saline layers below the main 
potash-bearhig beds. Polyhalite is limited chiefly to the compact 
layers below the potash minerals. 

1 I )ou(sr hlands Kalib«^baa, p. 33, Derlia, 1907. 
401(M°— 18— Bull. GG9 14 
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JXVESTIGATIOXS. 

The researches of Van't Hoff and Usi^o have thrown mtrdi ligjit 
on the chemical conditions nnder which the Stassfuit salts w« 
foimed. The investigations of Van't Hoft and his associates, among 
whom ara many Americans, have been conducted by a society formed 
for that purpose. The publicatkns of its members have been speci- 
idly listed.* Many ^ab(»ate nseardies have been oondocted and 
many arc still in progress.' 

Study of the scientific results obtained at Stassf urt will undoubtedly 
yield information that will be cxtr«nely valuable in the search for 
potash salts in this country. Hie work of Van't Hoff * on the condi- 
tkms mkler which the minerals were deposited is of special interest, 
and the studies and descriptions of Erdmann * are also helpful, as 
are those of Precht, Pfeiffer, Muspratt, Fiirer, Ost, Kiibierschky, 
Mid Ehrhardt. The lectures of Van't Hoff ^ delivered at the Uni- 
versity of Chicago in 1901 and print^l in English should also be 
consulted. Those especially interested will be obliged to consult the 
German technical Uterature, in which ]>ract ically all the researches 
have first ap|)cared. An article on the subject has been publi^ed 
by Tuiientine 

CHElCXCAXa COMPOSITION OP SAUKB MATSBIAM. 

SOOPS OF ANALYSES, 

Nearly all of the analyses in the following pages were made in the 
course of a cooperative search for commercially valuable deposits of 
potash salts in the salt fields of the eastern United States. The field 
studies and collections were made chiefly by the United States Geo- 
logical Survey and the analyses by the Bureau of Soils, Department of 
Agriculture. Besides these data anal}'^es of certain samples of 
eastern brines and western saline material collected by the writer 
and examined by W. B» Hicks and R. K, Bailey, of the United States 
Geological Survey, are reported, together with special tests by the 
Bureau of Soils of bitterns from solar-salt refineries on tlie Pacific 
coast. The analyses of sea water and of the water of Great Salt 
Lake are quoted from Clarke/ 

The analyses as a whole represent the most complete and most reli- 
able tests yet made to show the proportions of the chief constituents 
of American saline. There are many brines in the eastern United 

^ Seefhs bibliography in Deutaehlands Eallbergbau, pp. 137-183, Berlin, 1907. 
« K. Akad. Wlss. Berlin SlUungsber., No. 39, p. 772, IJIO. 

* Vao't BjoS, }. a,, Zur Bitduog dar »r«iiiiiaehan Sakablagemagen, Bimmachweig, 1905.. 

* Dto Chomis and indostrte d«r EaUsalse: Daatsdilaiidfl KallbergbiMi, Btrlltv 123 pp., 1007. 

* Van't Hoff, J. II., I'hysical cliemLstry in thn sorvlco of ihescience^, Chici^go, 1903. 

* TumuUiw, J. W., Tlie oocurreoce of potassium salts in the brines of the United States: U. 8. Dtfpt. 
A«r. Bur. Soils BulL 94, pp. 81-SS, 1918. 

t Clarin» F. W^ Tlie d»te of gBoohemlntiy, 3d «d.: JJ. 8. Gool. Sorvey BoU. 1910. 
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States whose composition is not given, ciiiefly bcraiiso ihoy are too 
woak to be worth consideration as sources of either sodiiiiii chloride 
or potassium compounds. Tlmiip^h many shIhic depcwits in the west- 
ern deserts have been analyzcnl tliey have not yet attained commer- 
cial im])nrt ri iir c as sources of salt. Briefly the analyses in the follow- 
ing tables represent all the present centers of production of salt in the 
eastern United States. 

CX>UUIOTION OF BA»£B8. , 

Most of the samples were collected personally by tlie writer or by 
J. W. Turreiitine, of the Bureau of Soils, and unless it is otherwise 
specified in the notes following the analytical tables the \vTiter was 
the collector. In the summer of 1911, after correspor^denc^ ^\^th all 
the salt producer's and many well drillers of the country, many sam- 
ples of brine and bittern, collected according to explicit directions 
in special containers fumkhed by the Geological Survejf wwq for- 
warded for analy&is. 

ANAXiYTXOAL XRTBODa 

QENEBAL FEATURES. 

The chemical work, except that done in the laboratory of the 
United States Geological Survey by W. B. Hicks and U.K. Bailey, 
was performed under the immediate supervision of J. W. Turrentine 
by J. A. Cullen, R. F. Gartlincr, and A. K. Merz in the laboratories 
of the Bureau of Soils, Department of Agriculture. The following 
notes regarding the analytical methods have been taken from an 
article by Tin rentine.' The methods recommended by the Associa- 
tion of Official Agripultural Cliemist^i for the analysis of mineral 
waters were generally eni]>loyed in the determination of iron, 
alummum, calcium, magnesium, sodium, potassium, and sulphate, 
but certain modihcations tending to abbreviate the analytical 
processes were introduced where they were expedient. 

PREPARATION OF THE SOLTmON. 

After the sample of brine had stood until all sediment had sc ttled, 
10 cubic centimeters of the clear supernatant liquid was transfrrrod 
by means of a dry calil)rMted pipette to a 200 cubic centinu iei' -id- 
uated flask, which was then filled to the murk with distilled ^vator. 
Aliquot ])ortio]is of this solution were taken £or the various deter- 
minations. 

« Tnrrentino, J. \V., The oci umMico of potassium salts In the salill>\^ of the Uiiiicd Slates; U. S. Dept. 
Agr. Bur. Suib Ball. 94, PP- '(T-sa, l»l3;ftlaoCk>mpositionQriteMliaMflfttaAUait«dStatoKJo«c.Iiid. 
Eng. (Jlmmiairy, vol. 4, pp. 828, 885, 1912; vol. 5, p. 19, 19U. 
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t 

TOTAL DISSOLVED SALTS. 

A conveniont volume of the dilute solution was evaporated to dry- 
ness in a weighed platinum dish, and the residue was heated to con- 
stant weiglit at 105° C, cooled, and weighed. This estimate is not 
reported but was used as a check on the analysis. 

IBON AND ALUMINUM. 

If the brine was colored, iron and aluminum were estimated; if it 
was colorless, they were not estimated. 

An aliquot portion of the dilute solution was treated with ammo- 
nium chloride and heated to boiling. Ammonium hydroxide was 
then added, a drop at a time, until an excess of the reagent was barely 
perceptible to the smell, after which the solution was boiled until the 
odor of ammonia had practically diasappeared. The precipitate was 
then separated by filtration, washed wdth hot water, ignited, and 
weighed as ferric u.\ide and alumina (FejOg + AI2O3). The filtrate 
was used for the determination of calcium and magnesium. 

Another aliquot portion of the diluted brine was treated witli 2 or 
3 cubic centimeters of concentrated sulphuric acid and eviiporated 
to a sirupy 1 011- i-tency. The solution wjis then diluted with water, 
reduced by means of metallic zinc, and fdtered. The qiiantity of 
iron (Fe) in the filtrate was estimated by titration with a standard 
solution of potassium j^ermanganatei and the content of aluminum 
was calculated by difference. 

CALCIUM AND MAGNESIUM. 

The filtrate from the precipitation of iron and aluminum was treated 
with ammonium hydroxide and ammonium oxalate and allowed to 
stand overnight. The precipitate was then separated by filtration, 
washed twice with hot water by decantation, dissolved in hydro- 
chloric acid, and reprecipitated by ammonium hydroxide and a little 
more ammonium oxalate* After the solution had stood overnight 
the precipitate was separated by filtration and washed on the paper 
previously used. The precipitate was ignited, blasted, and weighed 
as calcium oxide, from which calcium (Ca) was calculated. After 
the combined filuates had been ovafxnuted to dryness in platinum 
the greater part of the salts of annnonium was volatilized by lieating 
and the residue was dissolved in dilute hydruihloric acid. After fil- 
tration the filtrate was made slightly ammoniacal, and enough solu- 
tion of sodium phosphate was added, drop by drop, to precipitate 
all the magnesium, and finally, drop ])y drop, 10 cubic centimeters of 
concentrated ammonium hydroxide was added. Tlie solution was 
allowed to stand overnight. The precipitate was then separated by 
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filtration, washed with 2.5 per cent anunonium hydroxide until it 
was free from chlorides, then driedj hlasted, and weighed as mag- 
nesiam pyrophosphate, from which magnesium (Mg) was calculated. 
This procedure for separation of calcium and ifLagnesium is not 
applicable in the presence of weighable amounts of the phosphate 
radicle, but no difficulty was experienced from that source in these 
analyses. 

SULPHATE. 

Another portion of the diluted brine was acidified with hydro- 
chloric acid and treated while boiling with hot dilute solution of 
. barium chloride. After the precipitate had completely formed it 
. was separated by filtration, washed, ignited, and weighed as barium 
sulphate, from which sulphate (SOJ was calculated. The filtrate 
was used for estimation of the alkalies, 

SODIUM AND POTASSIUM. 

Tlie fdtratc from the determination of su][)hato was evaporated to 
dryness and the residue was dissolvecl in a little water. If the pres- 
ence of lithium was suspected, a spectroscopic test for the character- 
istic lithium lines was made on this solution. Tliough traros of 
lithium wcr(^ found in some samples, none contained enough to justify 
quantitative estimation. 

A solution of barium hydroxide was thon added to the solution 
and the insoluble precipitate wan filtered olF and waslied thoroughly 
with hot water. The eom])iiie(l filtrate and washinp^s were treated 
with ammonium liydroxide, ammonium carbonate, and a little ammo- 
nium oxalate, and y^eie allowed to stand overnight to precipitate 
calcium and barium. Tliis precipitate was filtered off and thoroughly 
washed. The filtrate and washings were evaporated to dryness and 
the residue was di ied in an oven. The salts of ammoniinn were then 
driven off by gentle heating. The residue was extracted with water, 
and the solution was fJtered through a small filti r and washed with 
as little water as possible. The filtrate and washings were evapor- 
ated to a small volume and again treated with a drop of ammonium 
hydroxide and 2 or 3 drops of ammonium carbonate and ammonium 
oxalate. If any precipitate appeared, the filtration and precipitation 
were repeated. In every analysis the solution was filtered from the 
magnesium hydroxide that was precipitated on concentrating the 
solution. The filtrate was evaporated to dryness in platinum and 
all ammonium was expelled by heating to a little below redness. 
The residue was then dissolved in a little water, the solution was fil- 
tered through a small filter, washed with as little water as possible, 
evaporated to dryness, and again heated in platinum to a tempera- 
ture shghtly below red heat. By this procedure all the magnesium 
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was removed. The rcsitlun wiis dissolved in a little ^vate^, the solutioa 
was fLltercd into a weighed platinam dish, a few drops of liydro- 
chionc acid was added, and the solution was evaporated to dryness. 
This final residue was dried ia aa oven, heated to a httle l)elovv red- 
ness, cooled, aad weighed as the combiued chlorides of potassium 
and sodium. 

The contents of the dish were dissolved in hot water and trans- 
ferred to a porcehiin dish. A small amount of ehlorplatinic acid was 
added, and the solution was evaporated nearly to dryness. The resi- 
due was extracted with SO per cent alcohol. A yellow color of the 
alcohohc solution indic.il that sufTicient excess of ehlorplatinic acid 
hiul l)een added; ulheiwise more was added until the yellow color 
pt^Tsisted. The precipitate was filtered out in a weighed Gooch cru- 
cii)le and wasiied thoroughly \%'ith 80 per cent alcohol and with a 
20 per cent solution of ammonium chloride that lnu] been saturated 
with potassium clilorplatinate. After a final waslung with alcohol 
the residue was dr-iod to constant weight at 100° to 102° C*. and 
Weighed as potftssium platinic cMonde. The contents of sodium 
(Na) and potastiiuni (K) were then calculated from (he weiglit of the 
combined sodium and potassium chlorides and the weight of Uie 
potassium platinic cidoride. 

BB<»aHB. 

A proper amount of the diluted brine was rendered alkaline by 
sodium carbonate and evaporated to dryness. An aJiqoot portion al 
tiie alkaline filtrate obtained bj extraetiug this residue was then 
evaporated to dryness on the steam bath. The residue was treated 
with 2 or 3 cubic centimetera of water and enough absolute alcohol 
to make the percentage of alcohtd about 90, and the solution was 
then boiled and filtered. Treatment of the residue with 90 per cent 
alcohol was repeated once or twice. The filtrates witli 2 or 3 cirops 
of a solution oi sodium hydroxide were then evaporated to drynoii^ 
The process of extracting with 90 per cent alcohol was repeated o^ 
. the new residue, and the extract filtered from the undissolved porti<wi 
was treated with a drop of sodium hydroxide and evaporated to dry- 
ness. The residue was dissolved in a litUe distilled water, acidificqj 
with a little sulphuric add (1 to 5), 3 or 4 drops excess being added^ 
and transferred to a small flask. Frsshly prepared chlorine water i 
was added to it; usually 2 to 8 cubic centimeters of a saturated solu- 1 
tion of chlorine was sufficient to set free the bromme. Oare must be 
taken not to add too great an excess of chlorine, which might cause 
Ihe formation of a bromochloride that would spoil the color reaction* 
The best results are obtained by adding approximately the same 
excess of chlorine to the standards as to the sampb. This may be 
aocomuUshed by adding 1 cubic centimeter of chlorine at a time and 
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sliaking betw( ( n additions. ^Vfter a little practice one can determine 
approximately when the chlorine ceases to set bromine free. After 
all the bromine had been thus set free 5 cubic centimeters of freshly 
purified carbon bisulphide was added to the contents of the flask, 
which was thoroughly shaken. The water solution was separated 
from the carbon bisulphide by filtration through a moistened filter, 
and ihe contents of the filter were washed two or three times with 
water and then transferred to a 12 cubic centimeter Nessler tube by 
means of about 1 cubic centimeter of carbon bisulpliide. This ex- 
traction of the filtrate was repeated twice, with 3 cubic centimeters of 
carbon bisulphide each time. The combined carbon bisulphide ex- 
tracts usually measured 11.5 to 12 cubic centimeters. If they did 
not quite reach the 12 cubic centimeter mark on the Nessler tube, 
enough carbon bisulphide was added to complete the required vol- 
umc. Tlie color of the solution thus extracted from the brine was 
coiiif)ared with that of solutions of known strength of potassium 
broiiiiclc that had received exactly the same treatment and at the 
same time tlie acidification by sulphuric acid was begun. .Ul the 
bromine is not extracted by the aniounts of carbon t)isulphide recom- 
mended. Consequently if the content of bromine is large it is well 
to make one or two extra extractions with carbon bisulphide, transfer 
the extracts to a Nessler tube, and compare the color with that of the 
weak^ standards. 

OALCULATfOK OF RESULTS. 

The results of each analysis of brine or bittern are expressed in 
two forms — (1) the amounts of the radicles determined in grams per 
liter and (2) the radicles in percentage of the anhydrous residue. 
The statements of the analyses in percentage composition of the 
anhydrous residues have been calculated from Turrentine's results 

< by R. K. Bailey, to whom the writer is greatly indebted for this 
valuable assistance. As the computations were made with a slide 
rule the second place of decimals may be inaccurate by one or 

until' two units, but such an error is insignificant. 

»k Oka page 277 will be found a table of factors for converting radicles 
0^ to compoimds, or conventional combinations. This can be done in 
M several ways, and mainly for this reason it has been thought best 
fitf to omit statements of conventional combinations. With the aid of 

the table, however, the conversion can be made if desired. 

littl* The ligarcs of the analyses have been recalculated and extensively 
[(iH revised imder the direction of Mr, Turrentine since the })nbUcation 
of BuUciiii 94 of the Bureau of Soils, consequently the differences 
>i0 between the ticjures in the following tables and those in Biilletin 94 
jijvlif should be attributed to corrections ajxd not to errors in transcription. 
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COMPOSITION OF &OCK SALT. 

Tlic samples of rock salt whoso analyses are given in the following 
table were coUected either by J. W. Turrcntine or by the writer, 
except No. 10, which was forwarded by the company. In order 
that the sample might be tvs nearly representative as possible it was 
usually taken from a working face in the mine. A groove a few inches 
wide was cut from the top to the base of the working face, care being 
taken to remove small fragments so as not to giro undue representa- 
tion to any particular part of the bod. Most of the samples represent 
the entire thickness of the salt bed^ as the entire thickness is usually 
worked. The fragments were then broken into uniform smaller 
fragments an inch or less in diameter and were thoroughly mixed and 
quartered, the latter operations being repeated until a sample Of 
convenient size was obtained for shipment to the laboratory. 

Anaiysea of rock salt from New York, Michigan , Kansas, and Louisiana. 



Radicles in percentaf e of material soluble in water. 
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a Expre.<;so<l in percentage of dry sample. 



1. Retsof Mining Co., Retsof. N. Y. Middle of rock-aalt bed, 1911. J. A. CuUm, analsst. 

2. Retsof Miiiliig Co./BetMf,^. Y. N«v floor in »-foot worttlng teoe of Room 34, lonVB. F. Owdlaer, 
enalyst. 

3. Sterling Salt Co., Halite, N. Y. Rock-salt <lu.st beneath main cru.shers, 1911. R. F. Ciirdiner. analyst. 

4. Stcrlinc; Salt Co., Halite, N. V From roof to floor in working fure, west side oi Room 1, northwest, 
19U. K. F. GiirdiiKT analyst. J \\\ Turrentine, collector. 

5. Detroit Salt Co.. Detmt. Mich. From roof to floor in working face. 1911. R. F. Qardlner. analyst 
0. ( r\ stal Boidc 8ut Co., KUMpoUa, Kaas. From roof to floor In working faoe, 1911. B. P. GirdiiMr, 

analyst. 

7. Royal Bock Salt Co., KaaofraHs, Kaoo. From root to floor in working face, 1911. B. F. Oardlnor, 

8. ^Tis Rock Salt Co., Lyon.s, Kans. From toptolMittomof lO^botbed. lOil. R. F. Gardiner, analyst. 

9. Be vis Rock Salt Lyons, Kans, Fine salt sereoned from ooaiae. 1911. R. F. Qardiner, analyst. 

10. Avery Bock Salt Co., Avery Istaml, La. From wvkfng face, IWI. R. F. Gardiner, analyst. Ga|<- 
Jected by oonpany. 

Though these analyses represent the water-eolttble material they 
practically repreeent also the composition of the rock salt| as tiiere waa 
yeiy little insoluble matter. A comparison of theee analyses with those 
of salts in sea water (p. 21 7) will show how the salt purifies itself as it 
crystallizes from the complox sea water. The uniform and neui ly 
complete exclusion of impurities is particularly noticeable. These 
results prove that the rock-salt beds now worked are negligible as 
sources of potassium salts. 
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OOXPOSITION OV NATUBAIi SUBFAGB B&INES. 

SEA WATEB. 

Sea water, whose composition has been the subject of elaborate 
investigation in many parts of the world, is mainly a solution of tho 
chlorides and sulphates of sodium, magnesium, calcium, and potas- 
sium, but it contains also many other substances. It carries appre- 
cia])Io amounts of l)rornine, iodine, iron, silicon, carbonate, and 
phosphate, and the presence in it of fluorine, nitrogen, arsenic, 
boron, Uthium, rubidium, caesium, barium, strontium, aluminum, 
manganese, nickel, cobalt, lead, silver, copper, zinc, gold, and radium 
has been demonstrated.' 

Many of the more recent anah^ses of sea water from difTcrcnt parts . 
of the world have been collated by Clarke,^ whose tabulation of them 
is presented in the follo^^'ing table, the percentage composition of 
the anh3'drous residues of the waters beino: c:iven. Tlie salinity or 
total content of mineral matter of each sample is given in tlio key 
following the table and is expressed in percentage or in grams per 
100 grams. 

Analyses of oeecm, salts. 
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1. Mean of 77 analyses Of OOesn wntor from tminv localities, collected by the CkaJUngrr expedition. 
W. Diltmar, analyst. Challenger Kept., I'hvsics and cheniistrv, vul. 1, p. 203, 1884. Salinity', :5.301 to 
3.737 per cent. 

2. Atlantic water, mean of 22 samples collected on a vovat'c from the Cape of (Jood IlofK" to Kn-fTland. 
C. J. S. Makin, Chem. News, vol. 77, pp. 155. 171, ISOK. Salinir\ , ax i r;i>:e, 3.631 per ixiit. 

3. The Atlantic near Dieppe. Analysis by T. Schloesing, Coiript. Rend., vol. 142. p. 320, \m->. Salinity, 
82.420 pranw per liter. 

4. The Irish 80a. Analysis hy T. K. Thorpe and E. II. Morton, Liebig's Annalen, vol. l.'is, p. 122, 1871. 
The small amounts of FejOj, N lU, and .NjO* are hero added together. A trace of lithium was al.so reported. 

5. Thp Haltic Sea between Oelrmd and Oothland. Analysis by C. Schmidt. Acad. Sci. St.-r<5tersl>ourg 
Bull., viil. 24, p. zn, 1S7S. In all Schmidt's analyses the bicarbonates given by him have been here 
reduced to normal .salts. The quantities of Kc, I'O^, and SiOj found by Schmidt are so small that they 
have here been added together. Salinit v of this sample, 0.7215 per cent . 

6. The Atlantic at Hahia Mlanca, cna.st of Argentina. Me:m of two samples, laVen at low and hij^ 
tide. Analyses hy F. Lahille, rejwled by E. H. lJucloux, Soc. cient. ArKoniin i An., vol. hA. p. 62, 19U> 
Salinil v, 3.3(.:j |K>r cent. Another i)air of analy.se.s is given of water taken at the mouth of Rio Negro. 

7. The Ctdf of Mexico olT Loggerhead Key, Tortugas. near I lorida. AlMlyalB by O«0r|B »taii«, Iftb- 
watery of the I'. S. Geological Survey, 1910. Salinity. 3 .>ly,i>er cent. 

8. Atlantic Ocean near Beaufort, North Carolina, .Mean of five imalvses, bv A. S.Wheeler, of samples 
taken under varying conditions. Am. Cbem. tioc. Jour., vol. 32, p. 646, 1910. ' Salinity, 3.179 to 3.607 per 
ocat 



> Forehhammer, c. ., Phllot. Tnm., toL 155, pp. 203-262, 1886^ Dittmar, W.» CkaSUMgw RopC., PhyBtoi 
and chemistry, vol. 1, p. 1, 1884. dttiln, F.'W.,Th« data of goodiMiilstry, Sd od.: U. 8. OmL Somf 

Bull. 616, pp. 119-128«1916. 

* Op. cit., pp. m-m. 
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AnolyMf 0/ ooesn M2l«--€<iatuMied. 
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1.17 


K 




Kb 






1. Jl 
3.79 


1. 18 
3.82 


1.2«> 
3.64 


1.23 
3.65 


1. 19 
3. SI 


LS 




















100.00 


100.00 


160.00 


100.00 


100.00 


100.00 


1OOLO0 






17 


18 


19 


90 


n 


23 


23 


24 


CI 

lU) 


M. 12 
.18 
7.47 
.46 
30.40 
1.10 


55.. W 
.14 
7.67 
.01 
31.21 
.64 
.03 
1.06 

a.o« 

.08 


no 

. 13 

7.6r, 

.0-2 
30.81 
.97 
.04 
.89 
S.87 
.OS 


55.96 
. IK 
7.49 
. 13 
30.31 
1.00 


55.46 
. 13 
7.91 
.04 

ao.23 

.94 
.03 
1.19 
4.03 
.04 


55.43 
. 13 
7.76 
.{t\ 
.30. t>7 
.f»7 
AH 
1.19 
3.75 
.03 


. V>. 41 

t O 

• 1 
7. 79 

.05 * 

30. «9 I 

.85 1 

.03 

1. 16 

3.67 

.02 1 


«:i 

7« 
LU 


Mg. 


1.41 
3.74 


1.22 
S.05 


1.2 

3.71 










moo 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 j 


lOOifli 



Mean of two analyses by Schmidt, 



0. TiMiiorUi Atlantic betwlMnN0Iwag^ the FamUn^ apiuhenxa. 
Ifeaa of 51 inoomplete analyses by L. Sdunelok, Den Nocdte NordhankSnedltkiDtPt. 9, p. i. l&ii- 
Soda and esrbonio add estimated by ciilculation, not dtreoUy ds fa rm i aad. Bafinttf. SJI7 to 3..5d per eeot, 

10. The White 8«a. Average of three anal3rses by C. Sdunidt. Acad. 8oL 8t.-Petenbourg Bull., voL 
24, p. 231, 1S7.S. Salinity, 2.698 to 2.94>.s im t ( ciif. 

11. The Arctic Ocean between the Whitv S«4i and Nova Z«mbla. 
Idem. 

12. The Siberian Ocean. Wafer collocicd bv the T V{7a exiH'dition. Mean of four analyses by Forsbers, 
Vega ExptKj, Kept., vol. 2. p. HTU, lvs.1. Suliiiitv, 1.37H to 3.4o7 per cent. 

13. Mediterranean Sea ne.ir Carthage. Analysia bv T. Schloeaiiig, Compt. Hend., vol. 142, p. 330, 1906. 
Baliuitv, 38.9744 grams per liter. 

14. The MedltorruiPMi, midsea, between Bizerta and Marseille. Salinity, .'>s.7.sy granx.s i>er iiur. 
Analysis by S<'hloesinf;, idem. 

15. The eastern Medit*'rranpan, watf-rs collKte<l during the voyages of tiie Austrian st<*amer Poto. 
Analy.^r, K. Niitt. n i , M(,n u.sh. Clicniie. y<'\. l i, pp. 873, 807, 1892; vol. 14, p. 624, IHRi; vol. 15, p. 590, 
1894." Thrt'O hiiinJie'l samplers of water were exaniinefl, sorno (Hilv for >,'as<»,s. Tho fipdres given here aw 
the aver:i^t» fnnn 42 analyses which were fairly complete. Baiinit v, 3.s:i6 to 4.115 per ci nt. 

16. The 8ea of Marmori*. Nat terer, Monatsh. Chemie, vol. 16, p. 405, 1895; 44 partial analyses. Natterer 
ives the figures here utilized as averaj^es of figpDg nomlMtS €f datenDflttfenaS. Mg, Ma» and K art 
elermined. Salinity, 2.:U0 to 1.061 percent. 

17. The Mlack s.a. A verup* of .six aoftlyaes by 8. KMotaff, Bm. Pliys, Ohem. Boo. JToor., vol. M» p. Ok 

18a3. Salhiity, 1.m.>0 to 2.^23 i»er cent. 

IS. The Suez Canal at Ismailla. Analysis by C. Sehiuidt, Actid. Sci. St.-PotersbourR Bull., vol. if 
p. zn, 1878. Salinity, 5.10} per cent. For other data on tlie Suez Canal, see L. Durand-Claye, Annaiw 
chimie et phys., 5th ser., vol. 3, p. 188, 1874. Very high salinities were noted. For ftnOOIt* ilWOingllll 
an ilvsis of Itftd Sea water, see J. li. Coppock, Chem. News, vol. 96, p. 212, 1907. 

19. The Rod Sea near the middle. Analvsis by Schmidt, op. cit. Salinity, 3.976 per cent. 

20. The lied Sea. Averaee of four analyses by Natterer, Uonatsh. Chemie, voL 20, p. 1, 1899; vol. 21, 
|0|7, 1000. Water ooUemd in the Sues Canal, the Timsab Lake, and the two Bitter Lakes. Many 

frther partial analyses are given. The salinity of these particular lamplea ranged fron 6.065 to 6.8S4 tm 



ftwoanahrBss; nllBlDr.SJm and 8.0661 per OMtt. 
LlO^ploi. Aln^iANSiMff.GhsBiis, p. 137(^1877. 



Analjaesai. 



19 



21. The Straits of MahMwa. Salinity, 2.7066 p«r cent. 

22. The China S«a. Salhiity, 8.308 per cent. 
SB. TbelwUaa Ocean, moan d two 
fleharidt, MH. l^jB. ddm., -vol, 

detemttaumons nesd ▼erifioatlon. 
M. «M*'Marelforto''anhMloiedho^«firat«onthelilMidI«eNaotafheAd^ 

Knd connection with the sea. SaUat^, 847M per osat. Asalyais hj W. LosUseh and !». 8(p0e% 
. Mitt., p. 171, 1876. 

Other anal vses of Atlantic water, taken off the coast Of Brasll, with analyses of water from the mouths 

of the Amazon, aro Riven by F. Katr,er, in K. bflhm. Oeaell. Wiss. Sitsimgsb., 1897, No. 17. These repre- 
sent mixtures of sea and river water. For special determinations of bromine in sea water and its ratio 
to the chlorine .see E, Berglund, Deufsch. chem. Oesell. IUt., vol. 18, p. 2888, 1885. An analysis of water 

from the loniim Se^i, by F. Witwl, is piinttKl in Deut.sch. ciieiii. Ceself. 15or., vol. 6, p. 184, 1873. One by 
A. Vierthaler (Akad. WLvs. Wien Sit/imgsb.. vol. 5«}, p. 479, I.S67), of Adriatic water taken near SpaJato 
shows abnormally low so<iiiim and hii;h calii mi^ presumably due to admixtiircs of wafer from the lard. 
See ako W. Skev, New ZcjU;ind C<')l(mial Mu.s. and Lnb., 3d' Ann. Ropt.. 1*8, for se\ en analyses of s«« 
water t.iken near th u island; C. .T. White, Roy. Soc. New South Wales I'roc., vol. 41, p .v-, l'j<)7, one an ii .- 
sis of water taken oil Coo;'wi: A. Burada, Ann. sci. Univ. Ja.s.sy, vol. 5, p. 2.)1, 190i^, one aivily^i> of w-atcr 
from the lllack Sea. On salinit v of tin* i't-rsi;in < ; ulf, Annalen der liydroKTaphie, vol. 7, p. 2\t.i, I'^OS. Two 
recent analyses of Adriatic water are reported by V. Gegeubauw, Miu. pet. Mitt., vd. 29, p. 357, 1910. 
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The most striking feature brmi^t out by these analyses is tlie 
remarkably uniform romposition of the saline matter in spite of 
relatively large iiiilen^ices in coneentrution. Dittmar's results, given 
in rolumn I, niay be taken as a standard of comparison, for they 
represent the Inrw'st inimbcr of refined eomplete analyses oi samples 
covering the widest ranges of deptii and 'j:tM">rrr;tphi<^ [>i»sition. Ao^ 
cording to him the salinity of ocean water rnnges from 3.301 to 
3.737 per cent: the lower figure is the salinity of wat<^r from Indian 
Ocean soutli of 06° latitude, and the higher figure is that of the water 
from the middle of the north Atlantic near the Tropic of Cancer; the 
depth below^ the surface at which the samples were taken is not 
stated. Acc/irding to Forchhammer * sea water contains an nveriige 
of 3.44tj4 i>er cent (34.404 grams per kilogram) of salts, including 
0.007 to 0.01 per cent of insoluble material left on treaiiJig with pure 
water the total solids obtained by evaporation. Tliis cojicentration 
represents a possible content of about 2.7 per ceni of sothiim chlor- 
ide. A saturated solution of sodium chloride, according to Gerlach,* 
contains 2G.395 per cent of sodium chloride at 15° C. (59° F.). Thus 
it will be seen tluit concentrated salt solutions contain more than 
aiae times as much sodium cldoride as sea water. 

The figures in the foUuwing table represent the average content of 
various salts in sea water calculated by Dittiuur from his 77 com- 
plete analyses. Tliis composition nmy be considered genend for sea 
water. It shoidd be remembered, however, that this combii.auon of 
acidic and basic radicles to form saJt^ lo more or less arl)itrarj' and 
is merely a convenient convention adopted for the purpose of indi-i 
eating the possibilities of recovery of the salts by evaporation. 

Ccnventiowd eambinatiama repremiHnff ^ ttdU ^Httolvei fa sen vnter. 



Sodium cUffvle<N«Cl) 77. 7» 

Ma^tiwwTmi chigoda 1^.878 

Magnesium sulphate (li%SO|).. .- ^ 737 

Cal' irm sulphate (CaSO^) 3. fWO 

Po(jfcssium Hulphat-e (K2SO4) 2. 466 

Magueeium brouiido (MgBrj) 217 

GAldttm ctrbomte <CaOOt) 8*5 



100.000 

la iMumection with tlie jkroBeiit interest in potash saltSi it may bo 
noted that the figure for potassium sulphate, 2.4G5 per cent, is 
eqmvaleiit to 2.110 per cent of potassium chloride and 1.106 per 
cent of potassium. 

1 Forchhammer, Q., Ch^lengir Ropt., lliyslcs Mid «h«niftiy, TOL 1, p. 1, 16N. 
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8ALT BB80UBCES OP THE UKITED STAIB& 
WATER OF OBBAT SALT LAKE. 



The chief (JifTcrencea in the results of vunous chemists who have 
analyzed the water of Great Salt Lake are in the degree hut not in 
the character of the salinity. It is to be expected that the concen- 
tration would change with greater or less dihition from local sources. 
Though the degree of siJiiiity ranges from four to seven times that 
of oceiui water the composition of the saline matter is much like 
that in ocean water. A sample from the lake, north of Lucin Cutoff, 
near Withee Junction, Utah, collected by the writer in 1912 had a 
3alinity of 13.35 per cent according to a test by R. K. Bailey. 

The following anidyses tabulated by Clarke ^ show the composi- 
tion of the water. Other analyses have been given by Gilbert.' . 



Analyiea of watirjrom Oreat Salt Lake. 





1 


2 


3 


4 




6 


7 


8 


9 


Cl 


95.99 
TcMe 
•.57 


56.21 


55.57 


56.54 


55.09 

Trace 
6.58 


55.25 
Trace 
6.73 


55.11 


53.73 


66.48 


BO* 

COt 


6.89 
.07 


6.86 


5.07 


6.66 


5.96 


6.63 
.09 


LI 


Tmoe 
83.U 
1.60 
.17 
3.52 






.01 
92.02 
1.70 
1.05 
2.10 

.01 


Trace 
34.65 
2.64 
.16 
.57 






K. 

CJft 

Mg 


33.45 

(?) 
.20 
3.18 


33.17 
1.59 
.21 
2.60 


33.39 
1.08 
.42 
2.60 


32.07 
3.U 
.17 
i:06 


33.81 
4.99 
^Sl 
3.33. 


38.17 

um 

• .M 
. >* 


Salinity, percentage 


















100. on 


100.00 
13.790 


100.00 
15.671 


100.00 

ia.5.^ 


100.00 
028.036 


100.00 
37.72 


100.00 
22.99 


190.00 
17.08 


10ft09 

. 3^l,«lB 



o More correctly, 230..1')5 frrams per liter. 



1. By O. D. Allen, analyst. U. 8. a«oL E.xpl. 40th Par. Rept., vol. 2. p. 433, 1S77. Water collected in 
1869. A trace of boric acid is also w partwl in addition to the substauccs named in the table. AUen 
also fTives analyses of a saline soil from a mud flat near Great Salt Lake. It contained 16.40 per cent 
of soluble matter much like that of the lake water. 

2. By Charles Smart, analyst. Cited in Kesouroes and attractions of tlie Territory of Utah, Omaha, 
1K79. Analyses made in 1877. 

3. By E. von Cochenhaitsen , analyst for C. Ochaenius. Deutsch. gfioL Oesell. Zeitschr.. toL 34. p. 359^ 
1882. Sample collected bv ochsenius April 16, 1879. Oobaenius Also fivm M amtyrisMtboMliiiiaiuh 
lactured from the water of Great Salt Lake. 

4. By J. E. Talmaee, analyvt. flotenoe, ToL 14, p. 455^ 1889. CoOeoted In 1889. Amnaljiiiof AMm* 
pie taken in 1885 is ano given. 

5. By £. Walkr, ana^ floluwl of Uinca Quart., toL 14, p. 87, 1893. A tnoa of bode add laalw 
reported. 

»>. By W. Blum, analyst. Collected in 1904. RocakuI;it< <l (o l(X) }>er rent. Reported by Talmapc in 
Scottisn Oeog. Mag., vol. 20, p. 424, l'Ji)4. An earlier paper bv Talinupe on ilie lake is in the same journal, 
vol. 17, p. 617, 1»)1. 

7. By W. C. Ebaugh and K. Williams, analysts. Chem. Zeitunp, vol. 32, p. 409, 1908. Collected in 
October, 1907. 

8. By W. Mactarlaiie analyst. Science, vol. 32. p. ;Vi8, 1910. Collected in Febniary. lOlO. A numWr 
of otlier analyses, complete or incomplete, are citod in this paper bv Ebaugli and Miw^f ^rl ino. 

9. By R. K. Bailey, analyst. U. S. Geoiogicai Survey laboratory. Sample collected by H. S. Oaie, 
OetolMr3«,19t3. 

Sodium is higher, but calcium and magnesium, especially calcium, 
are distinctly lower in the lake water than in sea water. (See pp. 
217-218.) Carbonates are almost entirely absent from the lake 
water but are present to an appreciable extent in ocean water. Cil- 
cium carbonate is precipitated on the shore of the lake in the form of 



1 Clarke, F. W., The data of geochemistry: U. S. OeoL Survey Bull. 491, p. 144, 1911, and BulL 616^ p. 
155. 1916. 

aOUbert,O.K.,LalnBonn«vlUe: V. 8. G«oL Sumy lion. I, pp. 353-254. 1800 
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oolitic sand. Gilbert * stater; thai the quantity of sodium chloride 
in the water of the Like is about 400,000,000 tons and that the amount 
of sodium sulphate is about 30,000,000 tons. 

As the lake is shallow, its volume i:^ grently affected by small 
changes in its level. The total salinity (salt content) may be con- 
sidered fairly constant, only the strength of the brines being affected 
by these changes in level. Observations were made in 1 850 , when the 
lake was at its lowest observed stage; in 1873, when the lake was at 
its highest stage; in 1869, when it was at an intermediate stage; and 
m 1885 and 1889. From a comparison of the extreme' results it 
appears that the salinity was decreased 39 per cent by a rise of 10.5 
feet, which represents on the assumed basis of no change in total 
saline content an increase of 73 per eent in the volume of water in 
the lake. The saline matter presumably has \yeoTi derived chiefly 
from the fresh-water rivers flowing into it and from the brackish 
springs along its edges. Whether tliese springs derive their saline 
matter from extraneous sources or from beds origmrtllv deposited in 
the Bonneville basin is unknown. If the latter is true the springs 
could hardly be regarded as contributing mi (»riginal quota of saline 
material. Gilbert ^ says that it must be Tvo;;trded as an open question 
whetlier the existing lake and its characteristic brine date from the 
end of the Bonneville overflow (Pleistocene) or from a subsequent 
epoch of extreme aridity. 

COMPOSITION OF NATUBAL AHD ARTZFICZAL TJNDEBOBOUNI) 

BBIMBS. 

BSINE8 AND SAMPLES. 

Natural brines are those that are jnimped from the ground in their 
natural state — that is, they are natural solutions of salt. Artificial 
brines, as the term is used in tliis paper^ signifies brines that are 
formed by forcing fresh water into salt beds and tliereby producing an 
artificial solution. Tlic impurities of tlie water ])resumubly enter into 
the brine. Important differences in chemical composition make it 
desirable to di->lmguish between the two types of commercial under- 
ground brine. 

The brines whose analyses are given in the following tables arranged 
and discussed hy States were sampled usually at the places where 
they flowed into the preliminary settling tanks. Composite samples 
were collected wherever possible, as it is believed that an analysis of 
united contributions from several wells is more nearly representative 
of the brine in a field than an analysis of brine from a single well, 

I Gilbert, Q. K., Lak« Bonneville: U. S. QeoL Snrvej Men. i, p. 253, 1890. 
I Idem, p. 258. 
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3.2 
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1.0 
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1.4 


1.6 


.2 
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180.4 


181 1 


1W.5 


1M.7 


179. 1 


1&1.9 


171 Hi 


179. 5 


120.4 
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2.S 


a.4 


.9 


1.1 


1.0 


3.4 
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1.1 


1.1 
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doff • V 


























0.10 




0.29 


0.18 


8.87 


8. 87 


0.69 


0.13 


0.09 




37.92 


37.25 


34 K2 


37.00 


34 2") 


34. (JO 


:Vi 17 


37. 69 


38. 81 




1.0ft 


.91 


3.45 


1.00 


1.58 


1.09 


1.46 


1 26 


.18 




. 10 


. 10 


.37 


. If* 


.52 


.45 


.56 


.06 


.09 




00.06 


(10. M 


«e.74 




M.80 


£6.57 


59.66 


59. 76 


58.83 




.78 


.» 


.as 


. 


.a 


.77 


1. 18 


.H7 


1.73 












.36 


.35 


.28 


.23 


.27 














100.00 


100.00 


100.00 


100.00 


100.00 


MM. 00 


100.00 


loaoo 


lOQLflO 



• N«tiinllw&M(T). 



1. W ow rt ar flrit Co., M w BwliiB f »• Y. Fnai trail Ne.S, 1911. ▲.B.lf«s,«Mlyit. 

fliV ACreM«tfii%Go..BaltTakN.y.^ A. R. Men,aiMljBt. 
4 OoMM Salt Co., Pifhid. N. tTuSI. X. B. Merx. analyst. 

A. Wstkfiit SaitCto., Wstkfin, N. Y.. MM. B. F. OatdfaMr. analyst . ColtoBlad bjr company. 

InteniatiMilSalt Co., Watkins, N. Y., 1910. B. P. CNurdincr, analyst. OoUaeted by company. 
7. OciMBee Salt Co., Plffard, N. Y., 1910. R. F. Oardlmr, anaivst. CoUeetad by company. 
S, Ramington Salt Co., Ithaoa. N. Y., 1910. R. F. Qardlutt-. analyst GoUaotad by company 
ft. OiunidagaF4^LiiiaCo.,LivaqpooJ«N. Y^niO. B. F. QanUMr, anatyit. CoUe^adbyc 



The salinities and compositions of the brines represented by the 
analyses in the preceding table agree very well except that of sample 9, 
which probably represents the dilute natural brine from the glacial 
gravels and not aa artificial brine. The aJ>iiormal content of potas- 
sium shown by samples 5 (Watkiiis Salt Co.) and 6 (Intemi^kHial 
Salt Co.) is op^ to some doubt as to being truly repreaeatative of 
general ooodittoiis. On aoooont ot this doabt W. B. Hicks, of tbs 
United States Geolpgieal Survey, ooUeetod in 1914 several additioiial 
samfto of these farinas, tha analyses of which are givan further on. 

The analytical resulto obtained by W. B. Hicks and B. K. Baiky 
have been converted from grams per thousand into grams per liters 
making use of the ^»ecifio-gravity detenuinations. ' This was done 
to make the lesults oonqMraUe with the majority ol the analyBes in 
this report. The analyses showing the high potash oo itent are given 
in the first odumn of the tables. 

So far as saturation of the brine obtained at the Watldns Salt 
Co.'s plant goes, the results appear to be about the same as these 
obtained by the Bureau of Soils. 11m brine is neariy saturated. 
The analyses of the brine by Hicks indicate a much smaller content 
in potash than the analysis by Gardiner, and the smaller content is 
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more in harmony with analyses of brines from otlier N^ew York 
plants. Analyses Nos. 4 and 5 in the next ta])le, \yhich are of bit- 
terns from vacuum pans, would naturally show higher concentra- 
tion than analyses of the brines, but in the bitterns also the quantity 
of potash salts is low. 

The analyses in the secx)nd following table, which are of samples 
collected at the plant of the International Salt Co., near Watkins, 
show, in general, similar low results for potash and in most respects 
are comparable with those obtained from the brines and bitterns of 
the Watkins Salt Co. 

Merrill ^ has observed from study of many analyses of New York 
brines and salts that the samples from the top of a saU bed contain 
<5onsidembly more magnesium rliloride than those from the bottom 
and that though the brine from a new well generally contains little 
magnesium chloride it contains more as the underground cavity 
increases in size or becomes connected with oilier cavities. He sug- 
gests that the overlying shales may be more hiijhly ch:ir£:;e(l with this 
soluble chloride than the salt beds — a condition that tits well into 
the theory of the deposition of this salt from an arm of the s(^a. If 
Merrill's hypothesis is true the existence of workable deposits of 
potassium salts over such beds is extremely doubtful. 
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2 




4 


6 


« 


Granis. 


Pw. 
cent* 
age. 


Grams. 


Per- 
oent- 
ago. 


Grams. 


Per- 
oent- 
age. 


Grams. 


Per- 
cont- 
aga. 


Grams. 


Per- 
oeat- 
aga. 


Grains 

per 
tnou- 

sand 
grams. 


Per- 
cent* 
age. 


K 

Na 

Ca 

Mg 

CI 

8O4 


11. H 
101. I 
■J.S 
l.G 
179.1 
1.6 
1.1 


:m. 21) 

1. 

.r.2 
68.86 
.52 
.36 


0. w 

117.01 
.i. 10 
. IS 

184. 59 
2.15 


0. iti 
(X) 

1. 01 
. 10 

59. 97 
.70 


0.31 
119.63 
M 
. 5l> 
190. 71 
2.22 


0. 10 

37. 74 

1. 17 
.IS 

60. 1 1 
.70 


1.81 

ia3. 61 

17.17 

2. r,i 

197. 07 
.48 


0.56 
32. 12 
5. 33 
.79 
61.05 
.15 


1.00 

102. 20 

17.27 
2.42 
197.15 
.48 


0. r>3 

31. ?W 
6.38 

.75 
61.. 33 

.15 


0. 4.'. 
3411. t(4 

8.:.i 

1. 4 ,-) 
539. 41) 

8.52 


n.os 

3S. 4a 
.1)4 
.16 

59. 40 
.96 
























3(M.4 


100.00 


307.81 


loaoo 


317.01 


100.00 


322.68 


100.00 


.321.21 


100.00 


SOS. 00 


100.00 



Samples from Watkins Salt Co., Wu(kin.s. N. Y.: 

1. Artificial brine collected hy company, 1910. R. F. Cardincr, nnnly.'^f. 

2. Artilii ial brine from wrlls .Nos. 1 and 2, collected by W. IJ. IHck.s, U)14. "W. B. Hicks, analyst. 

3. Artificial brine from well No. 3. collected by W. B. Hicks, 1914. K. K. Bailey, analj'.st. 

4. Bittern resulting; from 24-hour run collected from top portion direct from vacuum pan bv W. B. Hicks, 
1914. W. B. Hick.s, analyst. 

5. Bittern resulting from 2't-hour run collected from bottom portion from the dis<^^'harce piite bv \V. B. 
Bicks, 1914. W. B. Hicks, analyst. 

6. Salt from drainage bin, ready lor driers, collected by \V. B. Hicks, 1914. K. K. Balloy, analyst. 



1 Itorm, 7. J. U., Salt and gfpmm Industries at Mew York: New York State Mus. BuU. 11, p. 82, 1808. 
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ArMlyaet of artificial brines of JVe u) York, 



BaiBdM Is tnma per liter.* 
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0.48 




3.7S 
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36.57 
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1.30 
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.23 
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61.40 
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100.00 


100.00 


100.00 
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• Lit«r«iyO0Ognuiu. ftProlMMy toohi^ 

BuqDlflt tttm IntematioiMl Salt Co.. Watkiaa, N. Y. Tbase MunplM exoepi No. 1 iron oolketad 
byWrXHida. 1914. 

1. Sample collected by company, 1010. R. F. Gardiner, aaalyat. 

2. Artificial brine from well No. 1. B. K. Bailey, analyst. 
8. Artificial brine from well No. 2. R. K. Bailey, analyst. 
4. Artificial brine from well N o. 3. R . K. Bailey , analyst. 

6. Artificial brine from well No. 4. R. K. Bailey^aaalyst. 
0. Artificial brine from well No. 5. R. K. Bailey, aoal^. 

7. Artificial brine from well No. 6. W. B. Ilicks, analyst. 

8. Artificial brine from well No. 7. W. B. Uiclcs, analyst. 

9. ^»t«m tfllfftn frwn iftttlliif tank ImmmilatalT aftw ft hai Tumi Artwn irff fr?m tihiai p*". V.B. 
Hicks, analyst. 

IOl BuniiieofatlitataibonidnJiHcabiii. W. B. Hbda, aulyat. 
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MICHIOAN. 
Anafytei t^arHfieial brines of western Midngan, 



RadicleB in crmns p«r liter. 
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0.1 
120.8 
2.0 
.4 
188.2 
3.7 
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315.2 
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0, 1 
11.'.. 7 

l.S 
.4 
176.9 

3.3 


Tnicc. 

109.9 
1.2 
1.4 

173.6 
2.2 


0.8 
120.2 
2.0 
.3 
188.0 
3.9 
None. 


0.1 
113.4 

2.1 
.4 
176.9 

3.7 


0.2 
112.3 
1.9 

175! 9 
8.3 


0.5 
119.2 

2.3 
1.3 
191.4 
3.0 
Trace. 


0. 1 
114.1 

1. M 
.8 

178.6 
4.0 


0.2 
113.4 
1.2 
.6 
178.0 
0.8 
Trace. 












2UG.2 


288.3 


31&.2 


296.0 


294.2 


317.7 


299.7 


294.2 


SiMlldM in p«rcentace of uihydraas raildiw. 


Mg 


0.03 

38.37 
.GO 
.13 

1.24 


0.00 
38. 13 
.41 
.48 
60.22 
.76 
.00 


0.25 
38. 12 
.63 
.09 
50.68 
1.23 
.00 


0.03 
38.29 
.71 
.13 
59.60 
1.24 


0.06 
38. 20 
.6J 
.22 
59. 79 
1.09 


0. 16 
37. 52 
,72 
.41 
60.25 
.94 
.00 


o.ai 

38. 17 
.60 
.27 

1.25 


0.06 
3S.58 
.41 
.18 
CO. 50 
.27 
.00 


0.03 
38.34 
.63 
.13 
59. 70 
1.17 
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IOOlOO 
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100.0Q 


loaoo 


100.00 


loaoo 


loaoo 


100.00 



1. Louis Sands Salt & Lumber Co., Manistee, Mich. From wells. A. R. ilen, aualjrst. 

2. Louis Sands Salt 6i Lumber Cu Maoigtee, Mlch. From well 3,0I8 ftet deep. CoUeeted ty tb* 

company. 1910. R. F. Gardiner, analyst. 

3. Louis Sunds Salt &: Lumber Co., Manlst«c, Mich. From well No. 2, 1910. J. A. CuIIcn, analj-st. 

4. R. G. r<Hers Salt <ft Lumber Co., East Lake, near Maui.steo, Mich. Compo.sitc from 6 welis, 1911; 
contain.s hydrogen snljihide. A. R. Mcr/., analyst. 

5. Filer & Son, Filer cttv, near Manistee, Mich. From wells. 1911. A. R. Merz, analyst. 

6. Filer & Bon, Filer c iiy, near Ifanlrtwi, Ifleh. Fkwn hot wittan. Collcoted by J. W. Tamntitaeu 
1910. J. A. CuUen, analyst. 

7. Slate Liimi^r Co., MaolstM, MIch. CompiMlta fkom 3 wellfl at plant No. 2; 1911. A. B. Ubr and 
R. F. liardioer, analysts. 

8. Steacns Salt A Lnmbw Co.» Lndingtod, lOoh. Compopfto ftom 4 waDs, Mil. B. 7. Oavdinn', 

analy.st. 

9. Anchor Salt Co,, LadingUui, mdi. Fkom lettien. CoUectod by company, 1910. J. A. Oidbo^ 
analyst. 

The brines of the west shore of Michigan, like those of the east 
shore, are ahnost completely saturated. Their uniformitj of com- 
.position suggests that thej may be derived from a single bed. For 
a long time it was thought that there was but one bed of salt in this 
region,^ but well Ko. 4 of the Anchor Salt Co. showed the presence of 
four beds, 20, 12, 7, and 5 feet, respectively, in thidmess. The 
brines are exceptionally low in calcium and magnesium, and the per- 
centage of sulphate is uniformly low. 



> Lane, A. C, Michigan Geol. Survey Ann. Rept., 1906, p. 59, 1M9. Coolt, C. W., Mineral resources of 
IfieUgan: lOoliicni OeoL and DkL Snrviiy Pub. 8, OooL aar. 0, p. 810^ 18U. 

40101*— 18— Bull. 669 ^16 
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Arudyut of nai uml brUies oj easUrn Michigan. 



Badictos la vma per Uter. 
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0.37 
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M« 


S2.1S 




U.42 


32.36 


30.63 


21.99 


16!27 


31.55 


32.90 


24.18 


SUM 


Ca 


4.45 


2.g3 


4.36 


4.47 


5.67 


11.54 


15.57 


5.83 


1.24 


13.57 




Mg 


1.57 


.57 


1.23 


1.32 


1.56 


2.71 


3.60 


1.47 


3.90 


.30 


Ml 


C! 


59.90 


57.80 


80.07 


00.00 


01.23 


62.35 


63.75 


00. 19 


60.60 


61.73 


60.01 


80« 


1.73 


.80 


&80 


.01 


.42 


.3« 


.19 


.22 


.53 
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Trace. 
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.21 


.14 
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100.00 




mm 

- ,v 



1. Bliss, Van Aiiken Co., Sutriiiiiw . Mit h. CoroT>o.'?it<>i from 3 wolls, 1911. R. F. Gardiner, analy5tt. 

2. Edward Qermain, SaRinaw . Mii h. From well No. 1 ( 7.'^ feet deep), 1910. R. F. Gardiner .'amUyat. 

3. MershoD, Eddy, jParker & Co., Saginaw, Mich. Composite from 2 wells, 1911. R. i\ GMdicei; 
aiial>-st. 

4. S. L. Eastmaa Flooring Co., Saginaw, Mich. Composite frurn 2 wells, 1911. R. F. Oar^Bjwt, analyst. 

5. Saginaw Plate Glass Co., Saginaw, Mich. Composite Irom 10 wvWs, lyil. R. F. (Iiirdiner, axiatf^ 

6. Paw Chemical Co.. Midland, Mich. Compoaito Uitm 12 wells, 1911. R. F. Gardiner, anolj^ 

7. Dow ch< mi(ai Co . Mount FlMsaiittMlcb. Coiiqposlte ftom 6 v«|]s, 1011. V»Qw&taw,matfA 

(.\fter removal of bromine.) 

S. S:i|j;iria\v .Salt Co., St. Charles, Mich. F'rom a well at Fl int No. 1, 1911. K. F. C. ardincr, analyst. 

9. Saginaw Salt Co., St. Charle-s, Mii-ii. Composite from 2 wi-Us at Plant No. 2, 1911. K. F. Gardiner, 
aiialv.st. 

10. A. W. Wright, Alma. Mich. From depth of 2.SG3 fe«>t, 1910. Collected by company. R. F. Gardi- 
net, analyst. 

^a^uron MiUiug Co., Harbor Beach, Mich. From a well approximately 2,000 feot deep. R. K. Botl^, 

As tlie natural brmc.-> wliose analysps are c;TTon in this table are from 
the Marshall sandstone of Michi<];an, witli the possible exception of 
Nos. 10 and 11, it mijg^ht be expected that there siioulrl be a certain 
consistency amoncj the results. In a general way this is shown in the 
analyses of the first fiYC samples, except No. 8, which is different in 
concentration and in content of suii>hiite. For natural brines the 
smiill amounts of sulphate are rather notable. 

As the center of the geologic basin of the Lower Peninsula is ap- 
proached there is a tendency toward increase in salinity. The heavier 
liquids tend to travel toward the lower levels. The bromides increase 
in the same direction, as do also the heavy iron salts, which precipi- 
tate as the basic ferric salts after the solutions have stood in the air 
for some time. 
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Tho Harbor Beach briiie is of interest on account of its large con- 
tent of potassium. Analyses of thi« brine hnve been published in 
the report of the Michiir^ni (loolo^^u ul Survey,' and it was these pub- 
lished analjnses indicalinir a very hv^h potassium content and approxi- 
mately coraplpte sfitiii ation that fii*st attracted attention. Tlie re- 
Bult.s of the oxaniiiintion b}^ the United States Geok^gicid Survey do 
not agree witii those juihlished. The degree of saturation obtained 

lower, as is also the percent ac;*' of potassium cliloride in the total 
sal is. The brhxe can not bo regarded as satTirated if its specific 
CT'aviiy, which is 1.1745 at 17° C, its parts per thousand, and its 
content in calcium and niaL^nesium are considered. The high content 
of bromine is of inlere-st, especially if compared with that of brines 
which are now utilized for their bromine conttMit in Michigan* As a 
source of bromine this brine should not be ignored. 

Analyses of artificial hrmttg of eoHem MuMffon and CoMub. 



Badictea in grams per liter. 
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ll'J.6 


110. 1 




2. S 


.8 


17.8 
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1. Port Huron Salt Co^, Port B^nran, llldi. Fiwb a well aboal 1,900 feet deei^, 1911. B. F. dardiner, 

analyst. 

2. Diamond Crystal Salt Co., St. Clair, Mich. From a slnele well, 1911. R. F. Gardiner, analyst. 

3. D:i\ idson, Wonsev Co., Marine City, Mich. From 2 wells, 191L li. F. Gardiner, aual^. 

4. Miciiigam Salt Worka, Madne Cl^, Mleh. Vtom ^oa^mrt ainfte welt, 1911. B. F. OardUner, 

analyst. 

6. Woroo.stor Knit Co., Er.ors(», noiir Detroit. Mich. From 2 wells. K. F. Gardinor, aiuily.st. 

6. T>rlr:iv .Salt, Co., Ddriiv, nciir Detroit, Mich. From well, 1911. R. F. Ciardiiu-r, analyst. 

7. Mirhii,':iii Alkali Co., D<>troit. Mich. From well, 1<)11. li. F. GardiiuT, analyst. 

8. Mull^ey Salt Co., Detroit, Mich. From 3 wells , 1911. R. F. Gardiner, analyst. 

9: WealemGanad»FtoarlfmaCo.,CMKid^ From inUN<».lt 1911* R. F. GanbMr, analyst. 

The artificial brines pumped in the southeastern part of IMieliig^an 
are generally similar in coneentratiou, all being nearly saturated. 
Except in analyses Nos. 3 and 9, there is substantial agreement in 
sodium and chlorine. The content of sulphate also is fairly uni- 
form except in No. 9. In view of the probability that the brmes are 



^Hlddgan Oool. Siimy Rapt., vol. 5, pt. 9, p. 8i, 199S. 
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pumped from difTorent salt beds of tlic ^lonroe group and in view of 
the wide ^eogiai hie range of tlie samples the unifoimity in com- 
position of the l)riiies, which indicates uniformity in the composition 
of the original salt layers, is striking and indicates uniformity in tiie 
ori<^inal physical o:cologic conditions of deposition. The high con- 
tent of calcium and ma^iosiuin in analyses Nos. 3 and 9 is note- 
worth \^ These samples resemble bitterns in composition, and they 
may be salt deposited in the last stages of evaporation in an inte- 
rior basin or salt dissolved chiefly from the upper part of a salt bed 
or possibly from roof shales. The observations made in connection 
with the presence of magnesium salts in New York brines may apply 
here. (See p. 223.) 

NOBTHBASTESN OHIO. 

Analyses of natural and artificial brines of northeasUm Ohio, 



RadideH in frams p«r liter. 
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Radides In percentage of anhydrons retddue. 
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1. Colonial Salt Co., Keiiiitore,iieor Akron, OhJo. Axtiflclal brine fhmi well Ko.0,19U. R.F.OwttiMi» 

analyst. 

2. Colonial Salt Co., Akn», Ohio. Natnial brine In strata above nek-«alt horiaen, 1011. R. F. Oardl> 

ner, analyst. 

3. Columbia Chemical Co., Rarbefton, Ohio. ArtUoial brine fimed tosoriiMse by h]rdnnilicpiNBnini« 

1911. R. F. Gardiner, Rnalv!!*. _ 

4. Columbia rh(iinifal Co., RarlxTton, Ohio. Artificial 'cavity" brine, 1011. R. F. ' lurilinor. (inalvirt. 

5. ("olumbia ('hciaical Co., lUvrbcrton, Ohio. Natural brine in straia abovi^ sail horiaon from which 
artificial brine is obtained, IWl 1 . K . F. Gardiner, analyst. 

6. Cleveland Salt Co., Cleveland, Ohio. Composite artificial brine from 2 wells, lOll. R. F. <Jardiner, 
analyst. 

7. Union Salt Cx>., Cleveland, Ohio. .Artificial biine from 1 1011. R. F. Gaiduier, analyst. 

8. Ohio Salt Co. , Uittman, * >iiio. ("(iniposite artificial brine fryrn 2 v.elLs, 1911. R. F. i iardiner. analy.<;. 

9. Diamond .\lkali Co.. Fairport Harbor, Uliio. Natural briuo in strata 3()() tmi above rock-salt horizon, 
1911. K. F. (iardiaor, analyst. 

10. ."^ame horizon n.* No. 9, bnt from another well half a mile distant. 1911. R. F. Gardiner, analyst. 

11. Northe istern oil iV Cas Co., A usrintmrt;. Ashtabula Couniv, Ohio. Natural brine from well 2,010 
leet deep, yielding about 5 barrels a day, collected by company, 1910. R. F. Gardiner, analyst. 

The analysis of the artificial brines show close agreement in con- 
centration, all the brines being nearly saturated, and also close 
agreement in content of sodium. The content of sulphate is van- 
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able^ but it is usuftlly somewhat higher than that of the artificial 
brin^ of New York. The almost complete absence of calcium and 
magnesium and the commonly low content of potassium are notable. 

Comparison of the composition of natural vdth that of artificial 
brines is particularly faciUtated by this table. The greater content 
of potassium, calcium, and magnesium of the natural brines is note- 
worthy. None of these brines contains much bromine or sulphate, 
and af; a class they are neither so strong nor so pure solutions of 
salt as the artificial brines. 

The geologic position of this natural-brine horizon in northern 
Ohio ranges from 350 to more than 400 feet above the liigliest salt 
beds from which artificial brines are pumped , a few records showing 
this distance as about 250 feet. This stratum of brine is sharply 
defined and is of wide extent. The brine is carefully cased off to 
Invent its getting into the artificial brines used i|i the manufacture 
of salt and alkali near Akron and Fairport Harbor, as it would injure 
the product. 

The relatively high content of potassium of these natural brines is 
noteworthy. In fractional crystallization of iho solution sodium 
chloride would separate first, canning with it calcium sulphate* 
The calcium sulphate probably would not separate as an entity 
first because of its small amount and the relative abxmdance of the 
other. salts.' This would leave the chlorides of potassium, calcium, 
and magnesium, and small amounts of iron. The removal of part of 
the lime and magnesia in order to bring the percentage of potassium 
up to that of a low-grade fertilizer presents a problem for the indus- 
trial chemist. These natural brines of Ohio deserve careful study 
for the purpose of ascertaining the potential value of the sodium-free 
residue as a fertiUzer^ and their position in a densely populated agri- 
cultural section makes the problem the more interesting. 

The brine from the well at Austinburg(No.ll,p.228)isnotusedfor 
the production of salt, but it probably comes from the sam^ horizon 
as other natural brines of northeastern Ohio. If this assumption is 
correct, this brine horizon extends 25 miles father east than it has 
been developed. 

1 Vobh Hoff, J. H.f Vhjsleal ehemtoury la the aerrtM of tbe MdonoMi: Chlmgo Univ. Deoonniat Pub., 2d 
m.t vol. 18, pp. vao-m, ins. 
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SOUTHB&K OHIO AND WBST YIBGiNlA. 



ilnoJ^M* nofura; 6mi«» afiouthern (Hih and WUt Virgnda. 
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t. Pomcrnv ( homical Co., L'umttroy, Ohio, 191K H. K. BaBttr, amUpvt: W. D. I!icks» collector. Total 
solids by drtennin uion, S.S6 per OMit. DsMtty at I&O* C, 1.000. LtRle firoa piaclpitate foniMd at bot- 
tom of vo^;.sol bi'fore uiialvsis. 

2. PomorovSalt Assncintinn, PonnTor, Ohio, 191H. R. K. Boflev, analyst; \r, B. Hfcks, Contx-trrr. 
Total solids by di'lerminrtiioii^ y.!)2 i>er ceut. Density at IS.«>'' C, l.Otu. Litile irnu i)rmp(tate formed at 
bottom rif vr sol before an:ih sis. 

3. OhioKivcrSalt Co., MiuK)n, W. Va^ 1918. R. K. Bailey. analyst; G. B. Richardson, colkctoc. Total 
solids by del eruiinut inn, H.49per<mit. DmrifeyAt 2tJl* C, 1.001. littlelroD piecipitate ranDod at bottoa 
of \ es.scl iK'forc ajiaJv-sis. 

4. [.ivori.ool SiUt A- CnaT Co., Trarlford. W. 1918. R. K. Ruilpy, analyst: W. H. TFIi'lcs, coHprtor. 
Total solias \>y di tiTUiiiuUiuu^ u.27 per cent. Density at 18.6° C, IMiS. Little Irou precipitate fcjruied at 
bottom of ve':>el ix .'nre analysis. 

5. .Ma-^on c ad >v ( heuiiual Co.. HarUord, W. Va., 191S. R. K. BaUay, analyst: \V. B. Uick% coMoctor. 
Tot li H()s by d* < < rrniiiation^^OJOpwoant. Deantrat 1S.0*C,L0T1. little inn ftnnediir bottom of 

Vcs 1' 1 Ik- fore ruial Viis. 

(i. I. (>. Oil k!Ti 1)11 A Co., Maiden, W. Va., 19ia. R. K. Bailey, unalvst; C. Fl. Uichard^m, cnlIcvKtr. 
Total soU da by d ytyrnii nalioa, 8c68 p«r cent. Damlt^ at 2015° C, 1.0t>2. little iruu preuipiiate lorm&d at 
bottctn of Tenei befon analysb. 

The samples of natural briues of which analyses are given in the 
acconipaiiyin^^ lable were collected from the same geologic horizon 
along Ohio Iviver in Ohio and West Virginia, except sample No* 6, 
which is from the interior of West Virginia, on Kanaw^ha .Uiver. 

A tendency toward greater coiiceutration of calcium and mag- 
nesium to the southeast as the great trough formed by the coal- 
bearing rocks of the northern Appalachian field is approached might 
be expected, for it seems reasonable to suppose that the heavier 
liquid would southeastward, and some such relation is indi- 

cated by these aiialvses. 

The general presence of measurable amounts of bromine may be 
noted. These natural brines are sources of bromine. 

The general similarity in composition of the brine from Maiden, 
W. Va., to those collected along Oliio liiver is very apparent. Tlie 



Digiiizeo tiy LiOOgle 



CHEMICAL COMP06ITIOK OF SALINE MATERIALS. 



231 



Maiden brine is utilized in the manufacture of salt, brominei and 
calcium chloride. It contains a greater proportion of calcium than 
the brines along Ohio River and a greater proportion of magnesium 
than many of them. Though its proportionate content of bromine 
also is large, its total salinity is less than that of the brines along 
Ohio River. 

Analyse* of brine from oil tuelU in souUiGrn Ohio and H^est Virginia^ 



lUdldM In gnuBfl per Ittor. 





1 


2 


3 


4 


5 


6 


7 


8 


Q 


10 


U 


K 


0.3 


0.2 


4.4 


0.9 


0.4 


0.4 


0.4 


Trace. 


0.2 


2.7 


1.2 




84. 7 


55.9 


69.0 


13.9 


43.2 


38.2 


53.8 


53.3 


44.5 


28.0 


45.5 


Oa. 


9.5 


19.0 


4.2 


3.9 


2.0 


7.2 


18.4 


18.0 


8.2 


6.8 


19.6 


Ug 


1.5 


2.6 


3.0 


1.0 


1.0 


2.2 


2.9 


a.6 


Trftce. 


.0 


1.7 


CI 


74.9 


125.3 


109.0 


31.6 


72.0 


76.4 


123.8 


120.1 


83.2 


54.6 


ua4 


80t 


Trace. 


.2 


2.0 


.2 


1.6 


2.4 


.2 


2.2 


Tnu^e. 


• .5 


.8 


Br 


.6 


1.2 


.2 


.5 


Trace. 


Trace. 


1.2 


.3 


None. 


.8 


1.0 




121.5 


204.4 


181.8 


52.0 


120.2 


126.8 


200.7 


196.5 


136.1 


94.2 


179.7 



K 


0.25 


0.09 


2.42 


1.73 


0.33 


0.31 


0. 19 


o.no 


0. 15 


2.86 


0.62 


Na 


28.57 


27.35 


3;!. i.'j 


26.73 


35.90 


30. 13 


28.82 


27. 12 


32. 66 


29.72 


■2:>.:u 




7. 81 


9.29 


•j.:n 


7.51 


1.66 


5.68 


9.17 


9- I'l 


6.05 


7.1*2 


10. <Jl 


Ml? 


1.23 


1.38 


l.ftj 


1.92 


.83 


1.73 


1.45 


1.33 


.00 


. 9. j 


.94 


CI 


61.65 


61.36 


59.96 


60.78 


59.95 


60.25 


61.74 


61.12 


(il. U 


57. S7 


61.52 


BO« 


.00 


.09 


1. 10 


.38 


1.33 


1.90 


.09 


1.12 


.(X) 




.15 




.49 


.54 


.11 


.95 


.00 


.00 


.54 


.15 


.00 


. So 


. .'i 5 




moo 


lOOiOO 


lOQiOO 


100.09 


100.00 


100.00 


109.00 


109.00 


100.09 


100.09 


moo 



a Sara!)lo-s l oIlHJtod by Uxal rfpreseuliitives at the reqiie-sj. of the riiited S(;ili's i Jt'olniii: ::! Survey. 

1. South Pcnn <>il Co., Jefferson district, Pleasant County, W. Vu. Brine from .suit ^avul, 1910. J. A. 
<^llen, ariiilv jil. 

2. Soutii reun Oil Co., Nfannington lii.strici. .Miiiioa C ouni v, W. Va. Briuo Irom Big Injun sand in well 
2,092 feet (loop, 1910. J. A Cullen, ftmUyst. 

3. South V.Tin Oil ( o., Manningtoa dutrit-l, .Uariun Couaiy, W. Va. Brino from Big Injun sand at 
depth of 1 lori. K F. Gardiner, analyst. 

4. South i'oiHi Oil C o., Union district ,"Woo<l County. W. Va. Brino from Cow Run .sand, 1910. J. A. 
Cullcn, analyst. 

5. South Ponu Oil Co , T'nion (ILstrict, Wood County, W. Va. Brine from Big Injun sand, 1910, R. F. 
Gardiner. anal\t. 

6. South Penu Oil Co., Union district, Wtwl County, W. Va. Brine from Bina sand, 1910. R. F. 
Gardiner, analj-st. 

7. Soutb Fean Oil Co.. MoElroy district, Tyler Covnty^ W. Va. Brine (rom Big ioJun sand in oU well 
NQL'l,1343ftet(ieop,onlHmoCtlieC(mwa3rbei»; 7leld,20bftn«Isof twineand lOboneuofoOa day, 191(1. 
J. A. Cnllen. Wialfat. 

8. 8ontilPwnOftOo.,ElbwortlidlstrIct,TvlurCounty»'W'.y8. BriiielllnHaironi^SOItet deep, yielding 
110 baiTQla of brino a day firom Bi^ Injun sand at a de]itli o( 1,783 bat. 1910. B. F. Gardiner, analyst. 

9. Fine OH Ck).,8i8te>raville,T}'rcr County, W.Va. Natt]nllirinemnnawc1Il,2SOf««tdcop,l9i0. R. F. 
Oaidiner, analyst. 

10. South Perm Oil Co., Grant district, Ritchie County, W. Va, Brino from salt sand, 1910. J. A. 
CuUon,analyjit. 

11. South Pcnn Oil C^o., Clay district, Harrison County, W. Vu. Brine from W-foot stratum of sand in 
veU 2^ foet deep, 19101 J. A.CuUmi, analyst. 
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Analyses of brine Jrom oil wells la aouUiem Ohio and West Virginia — Continuod. - 

Radirles in graini? per liter. 
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1 2. South Fenn Oil Co. , Union district , Harrison Ooonty, W. Va. BrilM from fmnth sditeow suid la 
well 2,122 foet deep. 1910. J. A.CuUen.analyst. 

13. South F«imiMlCa,OnntdlBtriot,WetselOoant7,W.V«. Brine at 2,770 feet, lOia J.A.CiiUon^ 

analyst. 

14. South Penn Of] Co. , Grant district, Doddridge County, W. Va. Brine from Qcrdon sand at dratli 

of 3,047 foot, I'JIO. R. F. (Janlinor, analyst. 

l.S. South Ponn Oil Co., Fm-rauns Crock district, levels County, W, Va. Brine Amm Well No. 2, 2,947 
foot dc< p on farm of T. M. Bodo, 1!»10. B. F. Gardiner, analyst. 

It., (ho. t. Berlin. Brine from wdl 1^07 ieet deep at Bethel, UooToe Co«ittty, OIilo; yMd, 8 baxrds a 

dav, 1910. R. F. (Jiudlnor.analvst. 

17. Geo. T. Berlin. Brine from well, 1,228 feet deep at Bethel, Mnuroe Connty, Ohio; yield, Obamis 

8 day, 19W. R. F. Gardiner, analyst. 

18. G. A. GKTnrd. Brine from woU 1,000 fset deep at Center, Heonie Coonty, Ohio; yUd,15bamlia 

day, 1910. R. K. Gardiner, analyst. 

19. G. .\. GirTord. Brine from well l,.5»i0 feet det^p at Grem, MonriM' County, Ohio; yifd<i, IS barrels a day. 
Thirsaiiipleisfrom the Newcastle pool, the greatest salt water pool in eastern Ohio, 1910. R. F. Gardiner, 
analv^i.. 

20. Southern Oil Co., Junction City, Terry County, Ohio. Brine from well 2,700 foct deep; yield, 48 
barrels a day, 1910. R. ¥. Gardiner, analyst 

21. SouUiem Oil Co., Vinton C( 
a day, 1910. J. A. Coilen, analyet. 



laiy^s 

21. SpuUiern OiljCo., Vinton County, Oliio. Brine from a well 2,100 feet deep; yield, ISO barrels 



^lost of the brines tested from oil wells in south(?ni Ohio and West 
Virginia are rather dilute compared with brines nsed for making salt, 
though some of them contain unusually high proportions of potassium, 
calcium, and magnesium. Analyses Nos. 3, 10, 20, and 21 repre- 
sent natural brines carrying more thi^n 2.5 grams per liter of potas- 
sium. The relative proportions of calcium and magnesium in the 
brines represented by analyses Nos. 2, 7, 8, 11, 12, 14, 20, and 21 are 
great enough to give the solutions the characters of bitterns. As a 
group the brines of this section contain little sulphate. 

The marked differences in the concentration and composition of all 
the brines suggests that they come from different horizons or at least 
from different vertical positions in the saline deposits. The brines 
from Monroe County, Ohio (see Nos. 16-19), just across Ohio 
River from Wetzel, Tyler, Doddridge, and Marion counties, W. Va., 
are much, alike in composition and resemble the natural brines around 
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Mason and Pomeroy (sec Nos. 1-6, p. 230). The brines from Junction 
City and Vinton County (Nos. 20 and 21) are distinctly di£[erent^ 
. bebig more like bitterns. 

PENKSTLYANIA. 

Analyses of natural hriius of PennsyUania. 
BacHdes in frama per liter. 
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1. John A. Bock Palt Co., Pittsbiirjrli, Composite from 4 UVUs. 1911. J. A. Cullon. analyst. 

2. John A. Bock Sull Co., Pittsburgh, Pa. From well 1,000 feet deop. Collocti d by the (orn'nany, 1910. 
J. A. Culloii, aimlvst. 

3. N. V. V. Fraiiohot, Eldred, McKean County, Pa. From oil \w\\ l.KK) feet deep, 1910. R. F. Curdincr, 
aniUyst. 

4. Snuthmi Oil C')., PittsbuTRh, Pa. From oil wi ll 1,187 feet def p, Highland, Clarion County, Pa. Col- 
lectx'd bv ClarenLo Fcnuen, Clarion, Pa., 1910. J. A. Cullen. analyst. 

6. Ho'itlirrn Oil C')., Pittsburtjh, l*a. From oil will 1,727 lt>et (kep, Butler, ButltT County, Pa.: yield, 
2barTc!s a d ty. Collected by tho company, liUO. K. F. Cianiiner, an:ilvjt. 

6. Froiu well 1. 5'Jl feet d(^. producing 8 barrels a day. Collected by H. II. Uemphlli, Peou Towiuhip. 
Butter Conutsr, Pa., im B. F. OttdiMr, analjik. 

The two analyses of hrine from wells of the John A. Beck Siilt Co. 
(Nos. 1 and 2) check closel3^ The hrine was used for the manu- 
facture of salt, bromine, and calcium chloride, and the large pro- 
portion of the last sidt and of magnesium chloride indicated hy tho 
conv(^nti()nal combinations shouhl be noted. Tlie Beck plant is no 
longer in existence, and salt is not now manufactured in Pittsburgh. 
The other analyses in this table represent brines from oil wells not 
now used as sources of salt. 
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Analftei cfartifieial brines o/Kamat. 
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1. Barton P:ilt Co., Hritphin.vjii, Knn.s. Compasitc from 3 wells, iOlO. R. F. Gardiner, analyst. 

2. Carev Salt r<>., HiitehiiLsun, Kiin.s. Compasitc from 4 wells, 1911. U. F. li^irdiner, analyst. 

3. Wcsiern .'^alt \V<jrk!<, lliitchin<ion, Kan5. Conipo8it« from 3 wells, 1910. J. A. CuUen, analyst. 

4. Union l( f s lit Co., Hutciiinson, Kans. Fnm a depth Of 700 mi, mmiiiig VW7 llsht. CoUeotod 
br f hp company, I'JIO. R. F. Gardiner, analvst. 

5. Hutchinson Salt Co., HtttBhlMfin, Kans. Compoalte iMm 8 or 9 wells at Joy ICortoa ▼orka, 19U. 
J. A. Cullpn, ainly^t. 

6. Orient Suit CD., Anth<iriy, Kiiiis. From companr's well. 

7. Natural wati r from a tloWin^i wi ll IW feet dorp. uri!!«»d for ptJ near Kllsworth, Kans. 

8. Ellswortli S :1! ( u., Kllsworlli, K m . ( 'nn;"»;u.' Imm 5 wells, 11)10. it. F. Oafdinar, aSMlyst. 
t. StorliiisSaltCo.,l»ariUns,JUas. from 1 well. IMl. J. A. CuUan, aaaiyat. 

These analy ses show the composition of artificial brines used in 
the manufacture of salt. Nearly all are almost completely saturated, 
and most of them contain a largo proportion of salt. They are low 
in potassium, calcium, and magnesium, and contain only traces of 
bromine. 

No. 7 represents a comparativi lv fresh water. The sulphate in 
No. 2 is surprisingly l^igh, and the figure is probahly erroneous. 
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LOUISIANA. 

Analyses of rtatural hrma of lAMtidana, 

Hadidea in stama p«r Utec 





. 1 








0.4 


0.8 
4.4 

.4 

Trace. 
0.4 
2.2 

None. 


0.6 
47. » 
Trac». 
Trace.. 
72.4 
}.t 
Traca. 




2.3 

.2 

Traco. 
2.0 
3.2 

Twee. 


Mg 




8O4 




s. 1 


11.2 


122.2 


Badicles ia percentage oC aoliydroaB recdduc. 


K ^ 


, 2S.3* 
1 2.47 
.00 
24.70 
i 39.50 
1 .00 


« 

31.02 

2.sa 

.00 
45.02 
15.61 

.09 


n. (9 

39. CQ 
.00 
.00 

59. 18 
LSI 
.0» 






Ife 




gp«, 


■r. 




[ moo 


loaoo 


100.00 



1. New MansfieMj De Solo Pariah, La. 
brfne at a pnwim irf 3S0 pouads. Collected hj B. 8, Himter, 



ieep, yielding 4^,000 cable feet a day of 
; Shieveport, La., tOlO. R, F. Qanliiwr, 

3, XSaOiip «U fleldy La. Fcoat oO ynSL OaBeetBd by 8. B. Bmtb&tf BlinTepart, La., lOHL B» V. 

^'ol^wi^SnB^ field, Evangeline, La. FroM Oil weB^ VM. F. QuHamt, makf^ 

These natural brines, which Gome from oil or gas wdls in LouisiaJUfcy 
are too dilute for practical use as sources of saline material. 
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Analyses of natural and artificial brine$ 0/ Texas. 



lUdldes in gnumi per Uter. 
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1. Onad BtSbm Adt Co., Onad 8aUM» Tex. Artificial brlna Uom ircU 418 feet deep, ready for evapo- 

2. OiBiid8alii»bltOo.,ainmd8ykii^ ArUffeial brina dinetly from well No. 1, depth 418M. 
C(dleeted by tho oompany, 1910. R. P. Qardiner, analyst. 

8. B. W. CarrlQgton, G rand Saline, Tex. Artiflcial brine from well at plant No. 2. R. K. Bailey, analjrt 
4. Edward Hros., Midlanfi, Crane Coustyf Tex.; SallLdn^ JuaaCordovaSiurvey. CoUeeted by Edmit 
Bros., 1910. K. F. Gardimir, analyst. 
6. Brine from w<-i 1 in s^-c. U, bloclc 2, CnuM Ooanty, Tex. Collected by Edward Broe., iffMi«iwt, Tex, 

1910. R. F. Ganliiicr, analyst. 

6. PrcKlucer.s Oil d., lluusl'in, Tot. X idinil brine from oil well l.SOO foet deep, Wkhi»a Count.T, Tift? 
yield, hulfa b-irrol a day. Coll«>cte<J by !• rank ('ulli.si)n, Klcctra, Te.x., 1910. J. .\. Culii'ii, analvst. 

7. J'roducers Oil Co., Hoaston, Tex. Natural brine from well 1,198 feet deep, Herman Iwis ", IT.:' " 
County, To-\.; yield, 75 barrelsaday. CoUocled by E. F. Woodwjml, ilumble, Tax., 1910. R. F. Gdra.Li 
aiialvsr. 

8. Producers Oil ('o., Houston, Tex. Brine from well 1,350 feot deep. Sour Lake, Tex.; yield, 50 bantli 
€f bdne a day. CoUeoted 1910. R. F. Gardiiier, analyat. 

Nos. 1-4 rc^proseiit brines used in th() manufacture of salt. These 
are nomial brines except No. 4, which is somewhat low in sodium 
chloride. No. 6 represents a dilute brine approaching a bittern in 
composition, as indicated by its rather large content of cUorides of 
calcium and magnesium. The high relative proportion of potassium 
shovm by No. 8 indicates a weak natural brine resembling a bittern 
80 far as character aad relative proportions of dissolved constituenU 
are concerned. 
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OKLAHOMA. 

Analyses of natural brines. 
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1. A. Hennuenet, Ferpison, BlafM Ooimty, Okla. From well 6 feet deep, 1910. J. A. Collen, analyst. 

2. D. A. Thomas, 8alton, Harmon County»Okla. From spring No. 1, 1910. J. A. Cullen, analyst. 

3. D. A. Thomas, 8alton, Harmon Coimty, Okla. From spring No. 2, 1910. J. A. Cullen, analyst. 

4. W . H. Chaney, Salton, Harmon County, Okla. From spring, 1910. R. F. Gardiner, analyst. 

6. W. H. Chaucy, Sailon, Harmon County, Okla. From spring, 1910. J. A. Cullen, analyst. 

0. Prairie Oil & Gas Co.,Mu8kogeeCounty, Okla. Fromwolll,569fectdeep^pn>diidngfi0barrel8of biino 
a day. 1910. J. A. Cullen, analyse. 

7. Prairie Oil &. Gas Co., Nowata County, Okla. From veil 430 feet deep, producing 4 barrels a day, 
1910. J. A. Cullen, analyst. 

8. Prairie Oil & Oas Co. , Nowata County, Okla. From well 1,674 feet deep, producing 800 barrels a day, 
1910. R. F. Gardiner, analyst. 

9. Prairie Oil & Gas Co., Nowata County, Okla. From well 1,240 feet deep, in NE. i N£. \ sec. 14, T. 27 
V.J R. 14 E.; yield, lOO barrels a day, 1910. R. F. Gardiner, analyst. 

10. Prairie Oil & Gas Co., Bryan, Okmulgee County, Okla. tiaax well 1,674 leet deep, producing 80 
iMrrels a day, 1910. J . A . C ullcn, analyst. 

11. Prairie Oil & Gas Co., Hamilt<»i, Okntnlgee Coan^, Okla. From well 2,222 feet deep, producing 
Sbanelsa day, 1010. J. A. Cullen, analyst. 

12. Prairfe Oil dc Gas Co., Morris, Okmulgee County, OUa. From well 1,587 feet deep, producing 25 
barrels a day, 1910. J. A. Cullen, analyst. 

IS. Prairie Oil & Gas Co^. Scbultan, Okmulgee County, Okla. From well 2,007 feet deep, producing 40 
bairelsa day, 1910. J. A. Cullen, analyst. 

14. Prairie Oil A Oag Co., Hominy, Osage County, Okla. From wall 2,375 feet deep, producbig 500 
fcwidsa day, lOlOl J. A. Cullen, analyst. 

10. Oil <3m Oou Osaee Coun^, OUa. From well l,iSOS feet deep, producing 15 barrels a day; 

iMiipla sent from BartleavfOe, Okla., lOlfli J. A. Cullen, analyst. 

lOw Prairfe Oil A Om Co.. Cleveland, Pawnee County* Okla. From oil well i,750 feet deep, producing SO 
tstrrals a day, lOlO. S, A. CuUen. ananrst. 

17. Prairie Oil A OasC<k,Tiil8iaCoaBiy, Okla. FromwelIl,fiS7featda«p,inN£.iSB.i8ee.lOiT.17N.» 
R. 18 £.; yield, ObMvatoadi^, 1010. J. A. Ctillen, analyst. 
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Prairio OH & Gas Co., TiiLsa County, OUft. From iretll,l«8 feet dBepuln T.81 K.; 7iald,7ti«mb* 

dav, 19in R. F. fianlincr, analy.st. 

I't. Prairie Oil <ias Co., Tulsa County, Ofclft. FlOOl flil well N«. 3, 1,178 fe«t dNf^ pro au dl^ 800 
barrels a duv, H>10. J. A. Ciillen, analyst. 

20. Pnv.ric < >ii 1 CasCn , I <uwsoii, TilliftConBty, OUft. From well 1,150 feet deep, pcodudBf 10 bMrtls 
aday.nnii. J. A. Cullcn, analyst. 

21. rrodiKHrs' o.,TiilMCodiity»Ok]ft. Item iroU 1,300 feet deep, prodtidiig 200 bands ft day, 1610. 
R. F. GardintT, analyst. 

22. Prairie Oil (;'as Co., Wasbingfecn County, OklA. Fran well 025 feet deep, produoing 310 bftMls n 

day, 1910. J. A. Cull, ri, analy.st, 

23. Prairie Oil <^ (i.tsCo., WartiingtiM Camity, Okln. Fram well 1,306 feet deep, prodneing 35 bonetsn 
dav, 1910. J. A. Cullen, analrst. 

ix. I'rairic oil (lias Co., JctTorson, Washlagtem County, OUa. From wall 1,334 feat deep^ pcodudng 
3() barn ls u day, 1910. R. F. GardiJier, analyst, 
z'l. i rt in .s|>rin4b Woodwud County, Okn. CoUeeted by P. L. CHIIan, Pomeroy, Ohlo^ 1010. J. A. 

CuMt'n, un ily t. 

2i>. i rorn spring in .sec. 33, T. 27 N'., R. 19 W., north of Woadwnid,WoodwanlCoun^, Okla. ^VVrfl^ 
by p. I.. Cliftoo, 1910. R. F. Oardiner, analyst. 

Most of the samples from Oklahoma wore collected by drillers and 
represent natural brines from wells drilled for oil or gas. Nearly 8J1 
are rather dilute, but Nos. 25 and 26, which are from the same locality, 
/ and Nos. 2, 4, and 5, which are likewise from the same locality^ are 
strong natural brines from tarings and are pnrer solutions of sodium 
chloride than the brines from the col and gas wells. 

The rather large amount of calcium chloride and magnesium 
chloride and the small amounts of sulphate in the natural brines are 
noteworthy. A few of the anslyses indicate a tendency toward coi&- 
centration of potassium salts, though they do not warrant further 
investigation of these brines as sources of potash. SmaU amounts 
of bromine are generally present in the brines* 



Digitized by Google 



OHBMICAI* OOMPCNSITfOSr OP SALZKII MATBBIALS. 



2S9 



MIfiOSLLANBOU& 

Analyses of fuUwrtU brines oflUinoiSy Kenluchjy Tennessee^ Virginia, and Utah. 

BwHrkrn in gcmms p«r Utati. 
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a Omnu per kilogram. 

1. From Shlafflv oil well, 1,052 feet deep, yielding 75 barrels a dav, in southwest comer of SK. \ 8E. i 
sec. 3, T. 2 N., R. W., Clinton County. 111. Collected by E. W. Shaw. 1911. R. i\ Gardiner, analyst. 

2. Frnra well 30f) f< ot do, p in GrifRn, Wayne Coonty, By. CoUactadby N«wr Domain OH it Oai C5o,, 
Lexinirion, Ky., I'JlO. U. F. Gardin»T, analyst. 

3. Frora Douglas wtdl No. 1 in Spring Vailev oil field, Oyerton County, Tenn , about 1 mile south of 
Netherland. The well flowed several thousand bamls or oil firom a depth of less than 35 feet, and the oil 
was followed by this wtflT, -^Aaiiik has bean flowing tlaoe 1808. CoUaoted by M. J. Muiul» liNUk R. 7. 
Gardiner, aniilvst. 

4. Matnicson Alkali Works, Saltville, Smyth County, Va. BdiiA flmn adapth of sppffoximaMy'lJXIO 

feet, 1910. J. .\. Cidlen analyst. 

5. Brine from salt springs in Salt Croi'k Caayui, aast Of Nephl, Jinab Couni^, Utah. CoIIecied by Taek- 
son Bros., R. K. Baiiay. analyst. 

JkttM ofm4$edhauou» natuml whstmiessfirm Nevada, Utdhf Wyvnwng, and Cdltfomia, 
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I. Saline incnistationoasnEfHOofdamctaaarWIfhaa Junction, wealQfOgd^ GoBeotadtolOia. 

R. K. Uaiiov, analyst. 

■2. Yellow deposit at outlet of bathing tatfc,. HM l^^dngs^ north of Bd|jham, VtidL O. F. LottgUta, 

collector, 1912. R. K. Bailey, analyst. 

3. Sail frotn seepage on flat oelow .spring inclosure near a hot spring on OrefOll Short Li&e^ lOmflwnorth 

ofOgden, Utah. O. F. Txiughlin, coliertor, 1912. U. ]ei. ilailcy, analyst. 

4. Green clay half a mile east of Salt Spriiij/s, near entnmce to Death N':iIIev, C;d. I'nsurveyed land. 
This clay, exposcil 7 or S feet thic^k where t ho l uad iTo.s.ses uu urrovo, is sii]i[>o -od to contain uit ralos. Col- 
lected in 1912. R. K. Bailey, analyst. 

5. Natural soda on bank of OrtH'ii Ilivor, near (oil i;.itt>, 1 nnlo north of i .rtH»u River, Wyo. Collected in 
1812. R. K. B;ii;*'v, ;u»iLlvst. 

6. Natural soda near buiio of rivtr fiiil, about 1 milo soul!ua>t of 'ireen Kiver, Wyo. Collected in 1912, 
R. K. Bailey, analyst. 

7. Saline material collected at Steamboat Springs, Nev. CoUeotod in 1912. R. IL. BaUey, analyst. 
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COMPOSITION OF BITTEKNS. 
NEW TOBE. 



BadldM Im gnuM per Utar. 
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.8 


0.6 
111.4 
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.6 
185.6 
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2.0 


0.3 
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.7 
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1.1 
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.8 
.8 
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320.9 


313.7 
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201.3 


m4 




Ca. 
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0.00 

ac. <i8 

1.52 
.C9 
59.37 
1.10 

.34 


0.00 
37.39 
1.25 
.25 
59.40 
1.43 
.28 


0.32 
31. SO 
3.:'S 
.51 
60.90 
.19 


0.06 
37.21 
1.74 
.2.5 
69. 72 
.77 
.25 


0. 19 
35.90 
2.64 
.19 
59.80 
.64 
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0.00 
36.01 
2.64 
.34 
60.38 
.54 


0.21 

S8.n 

.39 
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.31 
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100.00 


100.00 
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100.00 


100.00 






8 
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Na 

C». 

Mg 
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1.7 
110.1 
11.4 
1.0 
193.1 
.7 


3.8 

ma 

19.9 
1.8 

m.s 

.6 


1.9 
106.7 
13.5 
1.8 
10.6 
.8 


9.4 

56.8 
30.2 

1.6 
135.0 

3.8 


1.8 
98.7 
35.3 
2.6 
197.5 
.4 


1.3 
U4.8 

6.4 

1.9 
19S.8 

1.8 


S.S 
I0B.« 
7.« 
!.§ 

isr.s 


318.0 


823.S 


317.9 


225.3 


831.3 


817.8 


8081.4 


Badides in percentage of anhydrous residae. 


K 

Na 

Ca 

Mg 

(1 

ao« 


0.53 
34.01 
3.59 
.34 
60.71 
.22 


0.87 
31.01 
6.17 

.m 

61.24 
.15 


0. Of) 

;ti. .-.2 

4.25 
.47 
60.91 
.25 


4.17 

8.97 
.71 
69.94 
.98 


0. .')« 
29. 18 
7.S5 
.81 
61.48 
.12 


0.41 
35.95 
2.01 
.60 

60.66 
.37 


0.71 
35.21 
8.4S 
.61 
60.60 
.43 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



1 . International Salt Co.. IfjtfB, N. Y. After 28 hoors' evmporaUni. OoUeeted by J. W. TmnmtliM, 

1911. R. F. Gardim r, annlyst. 

2. International Salt Co. Myers, N. V. Tolloctcd by J. W. Tiirrrnf ino, 1<)11. 1?. F. Oardincr, analyst. 

3. Remin^rton Sail Co., itliacn, K. Y. From evaporators, representing a contu ntration of 'A'*) tons ol 
original brine i o 25 ton.s. Collcctefi by J. %V. Turrentino, 1911. A. R. Mere, analy.st. 

4. RominKlon S;ill Co., IlJiac-a. N. Y. From centrifuges at 9 a. m., firht hour of coutrilugiiip. Collected 
by J. W. Turrcnliito, I'.Ml. H. F. < iardiiu r, analy-t . 

5. Remington Salt Co., llhaiti, N. Y. From ceiilrifupis at end of 7 hours' centriluging. Collected by 
J. W. Turrentinc, 1911. K. F. tlardiner nnal\>t. 

6. Le Roy Salt Co., Tx> R<iv, N. Y. AVasto i.ittem from the plant, 1911. A, R. Mcrz. analj'st. 

7. Solvay Phkoss ( n , S \ r.im t , N . Y. From lirine from fjO-fool stilt Iwd 1910. R. F. Gurdinor,adMdyit. 

8. Worcester Salt Co., Sil\ < r Sj rinps, N. Y. From vacuum pan, M»ll. A. R. Merr, analy.st. 

9. "Worcester Salt Co., Silver Sjirin^s N. Y. From grainer No. fi, 11)11. A. R. Mcrz, analyst. 

10. Rocic Glen Salt Co., Rock Glen, N. Y. After 10 days' evapuratiim in o{)en paii.s, 1911. A.R.Men, 
analyst. 

11. Rock Glen B.ilt Co., RocV Glen, N. Y. After 6 wet'ks' rvujK)ration in grainer, fakf-n at time of run- 
off, 1910. F. Giirdiner, analyst. 

12. Star <fc Creswnt Salt Co., Salt vale, X. Y. From open p:ins, representing concentration of f^^,(*)0 ^-al- 
lons o( original hrine to approximately 2, 2.7) ):alloiis, taken a* tiiiie of riin-ofT, 1911. .^. R. Mere, analyst. 

13. Gene;oe Salt Co., I'iifarrl, N. Y. From oihmi j)ans afti r .iii hour.s' aporution, representing concen- 
tration of Rallitns to l.'i.CKiO gallons. I'Jll. A. R. Merz, anaivst. 

14. Ucnesco Salt Co., PUIardf N. Y. 1 rom grainer aU«r 2 weeks' evaporation, 1911. A. R.Men,anal7it. 
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MICHIGAN. 

AnafyMOfbiUerrufivm artificial Mne» ofvMriem MtAi^an. 



Badides In grains per liter. 
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31Z0 
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Radicles in percentage of anliydroos reaidoe. 
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37.61 


33.40 
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.76 
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Mg 
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.95 
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1.05 


1.47 
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«2.41 


60. M 
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GO. 80 


60.01 




1.04 


.72 


1.07 


1.55 
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100.00 
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100.00 
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1. Filer & Son, Filer City, near Manist«e, Mich. Drippings from salt, 1911. R. F. Gardiner, analyst. 

2. R. a. Peters Salt dc Lumber Co., East Lake, Manistee, Mich. From grainer after 19 days' evapoi»- 
tlOD, 1911. A. R. Mere, analyst. 

3. Buckley-Douglas Lumber Co. (formerly Stat* Lnmber Co.), Manistee, Mich. From grainer after 4 
weeks' evaporation, 1911. A. R. Merx, analyst. 

4. Buckley-I>ougla8 Lumber Co., Manistee, Midi. From gfatner aftar 17 days' evaporation, 1911. R. F. 
Gardiner, analyst. 

5. Louis Sends Salt & Lumber Co., Manistee, Midi. From graintf aftar 3 weeks' evap(nation, 1911. 
A. R. Merz, analyst. 

0. Steams Salt & Lumber Co., Ludington, Midi. From grainer, 1911. A. R. Merz, analyst. 

Certain of the bitterns of western Michigan arc slightly less con- 
centrated than the hrincs from which they are derived* (See anal- 
yses above.) This difference is not greater, however, than would 
be accounted for by the usual variations in strength of both brines 
and bitterns. Generally the relative proportions of sodium and 
sulphate are less in the bitterns than in the brines and the relative 
proportions of calcium and magnesium are greater, because of the 
precipitation of crystals of sodium chloride and calcium sulphate 
and the gradual concentration of the alkaline-earth chlorides with 
which the solution is not completely saturated. Several of the 
bitterns have resulted from the concentration of v^y largo amounts 
of brine; the constitution of the bitterns, therefore, indicates the 
marked paucity of deliquescent chlorides and salts of potassium in 
the brines of western Michigan. 
40104*— 18— Boll. 609 ^16 
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Analyses o/ biUemsJrom arti/twU l^rinss <^ eastern Michigan and Canada. 
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1* Port Ilurou Suit <'o., I'ort Huron, Mich. From grainer after 2 weoks' evaporation, I'Jll. R.F.Gar! 
er, analyst. 

2. Delrav Salt Co., Uelray, ne^r Ovtruit, Midi. Drippings from salt bcint; ronveyed from vacuum piB>, 
I'fll. A. fi. Mer/., anah-St. 

3. r>«»lr'»y Halt Co., I>elray, nmr Detroit, Mich. From grainer after 12 days' cvaporatioa, 1911. A. P- 
Merr,. aiiiilyst. 

4. I'enim lvania Salt Co., Wyaodotto, Mich. From dripping vatsi 1910. R. F. Qvdkmut, •mljtL , 
6. Diammd Crystal Salt Co., 8t. Olair, MUh. Fnn gtmSr afSr » dagrt' cvapontiata/ lOU. 11. F. 

Oardiner. aoalyat. 

8. D«4dMB, WoH«7Co.,llMlMCIt7,Miili. Dfipp|Bi»AmMiHm-pMnH,10U. B.F.OardiBK, 

^SSohlfMi flWt Worka, Mactea City, IfMk Fran fnbMr attar 8 wmHa' vfUptnOkm, mi. A. B. 

8. if ulkey Salt Co., Detroit. Mioli. AtMr8eto85dava'«TapoinUflB,18U. &. P. GarOtaer, MialTSt. 
8. Western Canada Flour Milb Co., Oodaricli, Canada. From tEralner after 6 weeks' evapocation, W*- 

&. F. Oardiner, analyst. 

The analyses in tiio acccnnpanymg table indicate that the bittonv 
from artificial brinas of eaotara Michigan are similar in character to 
the brines from which thaj are d«riyed. (See analyses, pp. 226-227.) 
Indeed some of the brines are more stron^j concentrated than the 
reeultant bitterns. The ccmtent of alkaline-earth metals in tlM 
bittenis is not large, and the contents of sodium and chlorine on 
not markedly different f rcnn those of the original brines. Hie relativB 
content of sulphate is ordinarify' less in the bitterns because of its 
tendency to pK c ipitate in c<»nbination with calcium as the solution 
is heated. 'Hie content of bromine in bittern Ko. 8 k abnOTmally 
large compared with that of the other samples. The fact that tbe 
lli^ey Salt Co. pumps fr<nn the 950-foot level in the uj)pi r bed of 
salt, the top of which lies about 900 feet below the suriface, may 
explain the bittern-like nature of the brine but does not explain its 
low content of magnesium. 
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A7udys€8 of bitterns jruui, nuiural briiies of eastern Michigan, 

Radicles in irr&mii per liter. 
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341.0 


338.1 


321.5 


Ul.S 



a: 
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1.3S 
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1.00 



100.00 



a 81 

23.74 
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3.00 
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1.48 
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&.10 
05.51 
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100.00 



1.24 
.27 
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4.97 
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0.37 
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.01 
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SLOi 
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5. Saginaw Qicmical Works, Saginaw, Micfa. Bittern cooccntratod to 8.5 per vent ol ibo volunic cf Um 
or^inaTbriua bclore the final evaporat ion for^the preparation of culc ium chloi hh'. When th« botsftU^e 



1 . Hine d Co, Bay City, Mich, from grainer after 5 days ' c vaporation, 1 911 . A . R . Mcrz, analyst. 

2. Bliss-yaiiAukHiCObySagfiiftw, IfielL FramgniiMraftor5dBys'eTapoc»tioii,l9ll. R. F. Gftrdiner, 
analyst. 

3. Edwwd Occnuln, Sa^DRV, lOch. Froni gnin^ attnr 14 days' «v^^tlaii» ItU. B. F. Gamllaer, 

analyst. 

4. Mershan-Eddy-Fwker Co., Suffmw, IQcli. From gralnsr after 4 days' eraponiiOB, 1011. K. P. 

Gardiner, analyst. 

" " Ciic 

hcS . . 

had ooded a L-rystalUnu solid sepaiaUU. which contained 1.1 per cent potassium, equiTdBpttoS.3parcSat 
potassium chloride. Collected l>y J. W. Turrontlne, loii. K. F. Qardiner, anaiy.st. 
0. Saginaw Plate Glass Co, Bt^atm, lUch. Fnnt cralBert coooentrated to 45' Bauini, mo. R. P. 

Qardinor, anaWst. 

7. Saginaw Plato Gla.Hs Co., Saginaw% Mich. From a graioer Just belbfe going to the chemical plant: oon. 
«antcatfedto3&-3i*Baum^, 19101 R. F.aardlnur.aiia^ 
& W. J. Kmm, Saginaw, Mkh. "MottMr water." CoHeDtni liy Ifr. Umob, ttlOw R. 9. Gardiner, 

^^mr ClwmfiSBl Co., lEount Ploastat, Mieh. After removal of bromide; It eoDtataBtroB. Gotketedla 
Ittl. R.F.Oanliaer,aaabrst. 

10. Sogftwir Salt Co., St. Cliarles, Mich. From s»iner after 4 days' evapcu^ticui, 1911. R. F. Gardiner, 
•BAlyst. 

For comparing the composition of bittoms the statements of coin- 
position in percentage arc the most iisoful, because the degree of 
salinity of the bitterns is so divergent, partly because of the varying 
periods of time dui'iiig which they have accumulated but chiefly 
because of the varying amounts of original ])rine which they repn^scnt. 
Analysis No. 10 obviously represents a diluted sample, for the bittern 
is less stronf^ly concentrated than the brines from which it is supposed 
to have been formed. All the sulphate and sodium have ])een re- 
moved from No. 5 by its high degree of concentration ; the high pro- 
portion of potassium in this bittern is noteworthy, but in the others 
the quantity of potajssium is small and variable. 
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Analutet tsf }i^iUrMfnm art(/!eta2 5Hiiet of noriheaUem Ohio. 
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1. Colonial Salt Co., Kcnmorc, near Akron, Ohio. Bittern from graincr alter [s\ months' tvapuration, 
1911. R. F. Gardiner, amily. i. 

2. Union Salt Co., Cleveland, Ohio. Biuorn from ptiincr after H riays' cvnpoiration, 1911. A. R. Men, 
analyst. 

3. Clerelmd Salt Co., Cleveland, Ohio. Bittern after 3<) dixy-i' evnporat ion. 

4. Ohio .SaR Co., Rillinan, Ollio. liiUem after 35 days' evajKinition, 1911. .\. R. Merz, .analyst. 

5. Ohio iSalt Co., Kltunan, Ohio. Bittern from boot of vacuum pan, 1011. A. R. Mcrz and U.' Gardi- 
ner, analysis. 

0. OlUo Salt Co., mttman, OMo. Saline solution from boot of vacuum pan, 1911. J. A. CuUen, analTsL 

Tbeee bitienis from brines of nortlieastem Oliio axo comparable in 
concentration vitli the brines from wbich they were made. ThB 
chief differences between the composition of the brines and that d 
the bitterns are the laxger amounts of caldmn, magnesiimii and 
potassium and the smaller amounts of sodium in the bitterns. The 
content of sulphate is generally less in the bitterns, probably because 
of its precipitation during evaporation. 



I 
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soirrHEBN omo Ain> west tiboinia. 

Analyses ofhitUnufrom natural brines of sotUhem Ohio and West Virginia. 



BadiclM ia gEMM per liter. 
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f Tiaea 


Ba 


or 


or 


not deteD' 


er 


[ Trace. 


1 ** 




1 none. 


none. 


mined. 


nous 




1 nona* 


Mg 


7.07 


8.87 


A.8S 


7.17 


7.08 


5.80 


CI 


65.50 


66.11 


05.10 


65.58 


65.28 


64.70 


SiO 


None. 


None. 


Nona. 


None. 


None. 


None. 




1.65 


1.96 




1.M 


l.«4 


L48 




100.00 


loaoo 


lomoo 


100.00 


100.00 


100.00 



1. Fomeroy Rait .\?'^nobtion, romoroy, Ohio, 1918. R. K. Bailey, anabvt; O. B. Richardson, coUortor. 
Total solids by determination, 4().ul per cent. Density at 24° C, 1.396. Considerable precipitated sail in 
bottom of bottlo with some iron. 

2. Pomerov Chomlcal Co., Poraeroy, Ohio, 1918. 11. K. Bailey, analyst: 0. B. liioluudson, collector. 
Total sniid.s by termination, 44.37 piu Cttu. Deitti^ at 24* C, 1.430. Cfloaidaiabla Salt and iron pre- 
cipitated on bottom of vessel, 

3. Liverpool Salt A- Coiil Co., Hartford, W. Va., 191*?. R. K. Bailey, analyst; G. B. Richardson, collector. 
Total .solids by determination, 34.09 per cent. Deu.sity at 24° C, 1.328, Considerable .salt and iron pre- 
cipitated at bottom of vessel, 

4. Masou (Oul & Chemical Co., Hju-tford, W. Va,, 1918. R. K. Bailey, analyst; G. B, Richardson, col- 
lector. Total solids bv determination, 42.46 par oent. DmSHtf at iUT C, 1.420. Ooosidemble salt and 
some iron prccipit.ateu at bottom of vessel. 

5. Oliio Ki\ er Salt Co., Mason, W. V'a., 1918. R. K. Bailey, analyst; O. B. Richardson, collr'ct-ir. Total 
solids by dolerminatinn, 'M>.*Ji per cent. Dcn.sity at 21.5' C, 1.357, Considerable salt and .some iron pre- 
cipitated at bottom of vessel. 

6. J. (^ Dickinson <Si Co^ Maiden, W. Va^ 1918. R. K. Bailev. analyst; W. B. Hicks, collector. Total 
soli Is by determinatlcn, 86.75 per oent. Iwnsltjr at 18.0*0., 1J54. Tniea of iron preoipltata found In 
bottom of vessbL 



The high concentration and the low percentage of sodium chloride 
in the bitterns from the natural brines along Ohio and Kanawha 
rivers should be noted. The analyses of these bitterns should be 
compared with a subsequent one of calcium chloridci obtained by 

further concentration. (See analysis, p. 248.) These bitterns are 
sources of bromine, and attention is directed to this element. 
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MMSOUBUSS OF THE UXlTm SkTAjm, 

KANSAS}. 




iir.. 



1 


» 1 


1 • ■ 


4 


i ; 


1.0 


0.4 


Trace. 


0.3 


L4 


90.4 


117.8 


118. 2 


101.1 


IU.« 


1.4 


2.3 


.8 


.4 


15 


15.8 


1.6 


2.4 


11.0 


l.< 


182.5 




m.2 


1S2.0 


189.4 


3.4 


3.4 


5.4 


11.2 


3.4 


.9 


Trace. 


Trace. 


Trace. 


Trace. 


295.4 


314.0 


313.0 


a06.6 


. 314.9 



•f ai^dr«iia 





0.3-1 


0. 12 


0.00 


o.oc 


o.« 




30.81 


37.48 


37.74 


33.02 


37.03 




.47 


.73 


.26 


.13 


.79 


&:::::::::::::::::::::::::::::::::;::::::::::::f 


5.36 


.51 


.77 


3.78 


.61 




61.77 


60.08 


59.50 


59.35 


60.15 


8S?::::::::::::::;:::::::::::::::::::::-:::::::::: 


1.15 


1.08 


1. 73 


3.6«1 






.30 


.00 


.00 


.00 


.00 




moo 


100.00 


lOLOO 


100.00 


lOOlOO 



1. Western Salt Works. Hutchlnsoo Salt Co., Hutcliiiuson, Kans. From open pan after 25 days' 
Hioii, vm. R. F. Gardiner, analyst. 

2. liart on Salt Co., Hntfihinwn Kam, Altar 34 dajrs' evtooratlon, 19U. J. A. C>iU«n, »naly»t. 
" " " -~ Tnm sntfjMT afttr 00 itays' evapcntloB, NIL B.F. 



ftnaly .' t . 

4. uriont Salt Co., AaXkoajt Kam* Tnm fraiiwr oilir 0 days' evapotatkB, till. R. F* Oudfotr, 
analyst, 

f. s}lBwwtiiSaH0<i.,Btt8irarai,]teu. From fralner, 1011. J. A.€ttlleii,aital]rat. 

The bitterns of Kansas tlms far examined arc similar in concentra- 
tion to the artificial brines from which thej" are derived. Thej differ 
from the brines in their content of calcium and magnesium, but 
part of the content of alkaline earths possibl}- comes from the water 
used in dissolving the salt. The content of sulphate is notably lower 
than that of the brines. The content of potassium salts is too small 
to be of importance. Analyses 1 aiid 4 indicate the presence of 
wpxisiDgiy iai^ itinouxits of magpcianim in two of the bitterna. 
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T£XAA AHI> UTAH. 



ftriiMt c;^ IVosM end! ZM. 



Radicles la gnma per Hter. 



K... 
Na., 
Ca.. 

CI. . 

so<. 
Br.. 



0.4 
101.3 
1.5 
Tree?. 



84 

79. S 
Trace. 
13.9 



282.5 



Radlclefl In percpntai^ of anhydrons reslrfne. 



K... 
Na.. 
Ca.. 
Ms?.. 

n 

80«. 

Br.. 





2.97 


38.37 


28.15 


.57 


.00 


.00 


4.00 


S9.96 


SI. OS 


.95 


12.03 











I. B. W. Carrington, Onmd SoUne, Tex. From painw aft«r 9(f) trada' •rapantloa, IQIS. R. K. 

^^%1lud4^ital8tiftCoi,,8altalr,Vtal)u Baaliailliittm after salt had betamaldng 4 weeks In 
iBgpond; ord&Mayav«pamtieaw«ttMbaalkwadtopff«fM9i^^ OoileeMlal91S.. B. K. 

Bttley, aualyst, 

SEA WATER. 

Analyses of bittarmfrom m waUr, 
ptaipl«8€ellaetadli7B.B. Fr«a»10l2. B. V. Gacdtncc^uutfjntl 





1 


2 


a 


4 


5 


« 


7 


• 8 




iS. 2 


i:i.4 


13.2 


14.6 


21.5 


35.0 


11.8 


0.7 


Ma^ 


80. U 


75.8 


3H.8 


27.7 


9.1 


99.6 


60.1 


61 0 


Ca 


1,2 


2.2 


.6 


. 5 


1.0 


o 


1.1 


Trato. 


Mg 


24.0 


2i.4 


50. ft 


ft2 7 


79.4 




4^.9 


^8 




iry. 2 




179.4 


is:i3 


2211. 1 


180.4 


190.8 


148.5 




;io. 0 


31, 4 


5:}. 6 


74.2 


62.0 


29.0 


55 . 8 


31.1 


.Br 


;;. (1 


3.0 


s.o 


3.0 


2.0 


2.0 


2.8 












sas-o 


S3S.8 


1 SS».2 


S60.Q 


390.1 






mt 



'I (;riim5 per kilogr:iin. 
Radldea in percentage of aabydroue teaidwo. 





2-51 


4.U 


3.89 


3.90 


5.44 


iao3 


3.22 


0.25 




24. .'i? 


23.27 


11. I .-. 


7.57 


2.30 


28.83 


16.41 


22.68 




.37 


.68 


AH 


.14 


.26 


.06 


.30 


.00 


Ug. 


7.38 


7.1s 


14.S>2 


17.13 


20.09 


2.47 


11.98 


9.21 


ci! 


55. (J« 


54.20 


r.2. KS 


SO. 0; 


&r..7i 


51.72 


52 10 


M. 19 


8O4 


9.22 


9.G4 


15. SO 


20.2s 


15. C!> 


8.32 


15.23 


12.07 


Br 


.02 


.02 


.88 


.82 


.51 


.57 


.76 








100.00 


100.00 


100.00 


100.00 


loaoo 


100.00 


100.00 


100.00 



•liquor n 

aaUliad 



been farming 



1. Leslie Salt Rcfiniui; ^\ itrks, S.in Matfo, Cul. Rpprcsontativo sanipl" tiiki'n noar northwesi corner ol 
mother-liquor pond. 

2. Lpslio Sdlt liffining Works, San Mateo, Cal. From southfasl comer of mother- 
3 Lo^iie Salt Refining Works, 8aalteU<s Cat Itomaalt«aaki]icpoiid,inwliieii 

during the summer. 

4. Oliver Salt Works, Mount Eden, dH. From slop pond, representing 5 years' acaimnlatfon. 

5. Oliver Salt Work.s, MfMJiit E<it'n, ("al. Mother liquor that na<l been subjectivl to .special treatment. 

0. Ciliforniri Salt Co , A]\ ara<io, Cal. From .slo|) pnnil, r 'pi .>s;'ntiiiK -t years' accumulation, thou.'h ron- 
Biderable quantities had been abstructeil for mo m forcing, and small quantities of other waste liquors 
bad b«en added. 

7. Pioneer Salt Co . Sm Francisco, Cal. One year's accumulation. 

8. Long li i( h K ill ( u , i.oii^ Beaoh, Oal. Abaormally ooaoentrated Uttem tnm an outlying tank* 

1912. B. K. iioiley, aualyst. 
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248 SALT BESOUBCEB OF THE UNITED STATEB. 



The analyses of the bitterns rosiiliing from extract ion of salt from 
sea water on the Cahfornia coast aro remarkable for the mdicated 
amounts of ma^csiiim salts, both the ehlorule and the sulphate, and 
also for the rather large amount of potassium. Calcium is present m 
ver}' small amount, probably in the form of sulphate. Bromine is 
relatively small in amount. The relatively largo contents of potas- 
sium make it probable that these bitterns might bo evaporated and 
utilized in the manufacture of low-grade fertilizer material, such as 
manure salts^ hartsalz, and kainite. 

COMPOSITION OF CAIiCIUM CHLOBIDE. 

The following analyses show the composition of the calcium chlo- 
ride obtained from the biines of Michigani Ohio» West Virginia, and 
Pennsylfania. 



Anaii/K» o/ calcium ddoridt obtained from brines nf Michigan^ Ohw^ WeU Fu^td, and 

Pennsylvania. 

Ssdicles io percentage of total weight. 





1 


3 


3 


4 


5 






K 


0.7 


0.8 


Trace. 


Trace. 


0.3 




Trace. 


Na 


.6 


2.4 


3.7 


Trace. 


.0 


.1 


None. 


Ca..... 


19.5 


19.6 


18.5 


24.0 


IS. 9 


18.4 


S0.4 


Mg 


4.9 


5.1 


5.3 


6.3 


4.(1 


3.4 


1.8 


CI 


50.4 


53.9 


rao 


02. 0 


43.9 


42.4 


59.0 


SO4 


None, 


None. 


None. 


1.6 


None. 


None. 




C<l3 










.f) 


.3 




Br 




iSOilt'. 


Trace. 


None. 


1. 1 


None. 


None. 






711.1 


81.8 


81.4 


94.5 


69.4 


66.0 





1. Eureka ralrium Works, Pomeroy, Ohio, 1911. R. F. OardiniT, analyst. 

2. TaverpiHil Suit A Coal Co., Hartford, W. Va., 1911. R. F. Gurdint-r, aoalvst. 

3. Ilartlor.i Cil y .Salt Co , Hartford, W. Va., 1911. R. F. Cardmcr, analfBt. 

4. .T. Q Dickiiiioa Co., Maiden, W. Va.. 1911. J. A. Cullcn, analyst. 

.5 sa^in iw Chemical Works, flaginaWf ludh. Tr«OM «I barium and slrantium. CoUeetoil In mi. 

B. F. (i.irdinnr, analyst. 

6. Van .Schafick Calcium Works, Moimt Pleasant, Mich., 1011. R. F. G.udinrr, analyst. 

7. Pittsburgh Cakium Chloride Works, Pittsburgh, Pa., 1911. K. P. Gardiner, analyst. 

CdCPOSmOir of mBOSLZiANBOtTS BXTBSTAKOBS. 

Tiio composition of misccllanoous substances obtained in tlie manu- 
facture of salt from brines of New York, Michigaii| and Ohio is 
shown by the following analyses: 



I 
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POTASH SALTS. 249: 

Analyses of miacellaneous giLbstmiccs obtained in the manufaclurt of tali from brvnet of 

New York, Michigan, and Ohio. 



Radicles In percentafie of total w«fgh(. 





1 


2 


3 


4 


as 




Trace. 


Tniop. 


0.1 


Trace. 


1.4 


Na 


2»i.O 


31.9 


ly.i 


13.4 


51.1 




8. G 


. 1 


14.2 


2.0 


10.8 


M«* 


Trace, 


3.4 


.1 


3.2 


3.4 


CI 


40.4 


45.0 


51.2 


31.8 


107.8 




20.0 


10.« 


5.0 


2.4 


1.4 
Tfeoe. 




None. 




None. 


None. 








05.0 


lOOlO 


80.7 


52.8 


17&0 



a Results expressed in grams per liter. 



1. Worcester Salt Co., Silver Spring, H, Y. i>i»t from salt driec««flald to contain an ^|^M^^mnVl^t^flln of 
g3rpsum. 1911. R. F. Oardincr, aitaly»t. 

2. Diftercnt sample of No. 1. 

3. Bliss- Van Aukcn Co., B^gbatew, Midi. Bknigfi tnm trainer floor, removod danng dean op, 1911.' 

R. F. Onrdiner, analyst. 

4. Port Ouron Salt Co., Port Huron, Mich. Sludge from settling tanks, 1911. R. F. Oaidfner, analyet* 
6, 8Ja«el Salt Co., U^om, W, Va. Sedfment from Mttler, 1911. R. F. Qardiner* analyst. 

POTASH FROM COMMEBCIAL BRINES AND BITTERNS. 

The artificial brines and the bitterns derived from the main salt 
fields of the eastern Ignited States appear to be valueless as sources of 
even lo"W-gradc salts uf potassium. 

The natural brines of Ohio, New York, and Michigan seem, howeyer, 
to offer attractive fields for future investigation by industrial chemists. 
The brines found 250 to 400 feet above the top of the salt beds at 
some points in Ohio might be evaporated to make a low grade of 
manure salt8» hartsalz, or kainite. Similar use might be made of the 
bitterns produced from sea water on the Galifomia coast* Detailed 
investigation of the chemical engineering features of such recovery 
may develop economic possibilities. 

POTASH SAIiTS. 

SCOPE OP INVESTIGATIONS. 

The United States Geological Survey has concentrated its investi- 
gations of the possibilities of finding commercial deposits of soluble 
potash salts in the United States along the following lines: (1) 
^ploration by deep drilling for deposits in Nevada, Texas, and 
other western States; (2) examination of occurrences of certain rocks 
and minerab that are rich in potash; (3) investigation of the salt 
deposits^ brines, and bitterns in the United States; (4) general geo- 
logic study of the "Bed Beds'' in the Southwest to determine the most 
favorable locations for future drilling operations. In addition to these 
general studies special investigations have been undertaken in areas 
where potash salts have been reported. 

The papers listed below comprise those of most importance pub- 
lished to date on the series of studies just outlined. 
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SALT B£SOURC£S OF THE UNITED STATES. 



Bii3LIOGiiAPilY. 

Butler, B. .S., an l (\ \i r, II. 8.. Alunite, a nowl^. iliscovovd deposit near IforysvBle, 

Utah: U. S. (ioul. Sun-ey Bull. 511, r,\ pp., vn2. 
Bhtlkk. n. S . Pota'^b in certaiu copper aad gold ores: U. S. G«ol. Sun ey Bull. 620, 

pp. 1915. 

DoLBy R. B., Explontion of salines in Silver Peak Manh, Nev.: U. B. Geol. Survey 

Bull. 630. pp. 380-345, 1913. 
QtiMt H. S., The search for potash in the deeert baain region: U. 8. Geol. Survey 

Bull. 530. pp. 2f)5 ni2 

Nitrate deposits. I'. S tw^ol, Sun ey Bull. 5?S, 36 pp., 1912. 

— — Koi6H on the i^uuieruary iake^ oi the < J real Basio, with special reference to the 
depoaitioii o( potash and other salinas: U. 8. GeoL Survey Bull. pp. 330-m» 
1914. 

' Piospectiiig for potash in Death Valley. Cal.t U. 8. OeoL Survey Bull. M, 

pp. 407-415, m \. ' 

— — bait, borax. an<l potash in Saline Valley, Inyo County, Cal.: U. S. GeoL Sur- 
vey Bull. 640, pp. 416-421. 1914. 

Potash testa at Columbus Mavrii, Ner.: IT. S. Geol. Survey Bull. 640, pp. 42^ 

427, 1914. 

• Sodium sulphate in the Carrizo Plain, San Luis Obispo County, Cal.: XT. S. 

Geol. ^^ur^'ey Bull. 540, pp. 428 1;^:^ 1914. 
— — — Salines in the Dwens, Searle^>, and Panamint basins, southeastern Califoixua: 

U. S. Geol. Survey Bull. 580, pp. 251-323, 1914. 
Hancb, J. H., Potash in western saline deposits: U. S. Geol. Survey Bull. 540, pp. 

467-489, 1914. 

Hicxs, W. B., Compouti(ND of muds bom Columbus Hanh, Nov.: U. S. Geol. Surv^ 

Prof. Paper *>.5, pp. i-ii, 1015. 

~ l^.vaporation of potash brines: U. S. Geol. Survey Prof. Paper 95, pp. C5-72, 

1916. 

— — Evaporation of brine from Searies Lake. Cal.: Prof. Paper 98, pp. 1-8, 19M. 
Luumw, E. S., Alnnile in the San Cristobal quadnnste. Colo.: V. 8. GeoL Survey 

BulL 530, pp. 179-183, 1913. 
LonoHLiN, G. F., Recent alunite developments near l^arysvale and Beaver, Utah: 

U. S. Geol. Survey Bull. 620, pp. 2*^7 270 1915. 

Mansfield, G. R., Nitrate dfiposiU iu w>u»heru idaiio uuci eastern Oregon: U. S. Geol. 
Survey Bull. 630, pp. 19-94, 1915 

pHALEN, W. C, Occurreure of |>otaHh aalt? in the bittenisof the eastern United Slates: 
U. S, Gool. Survey Bull. '):^0. pp. ;u:: lOr"!. 

'■ ' Pota«h their usih and oc t urr^uce iu the liuited States; U. S. Geol. Sur- 
vey Miuuriii Ueb(j»ire«*, iUlO, pi. 2, pp. 747-767, 1911. 

— Potash salts: U. S. Geol. Survey Kineml Refwnrces, 1011, pt. 2, pp. 389-917, 
1912. 

Potadi salta: U. 8. GeoL Snrveiy MinemI Resources, 1912, pt. 2, pp. 877-903, 

1^13. 

Potaab aaiis: U. S. Geol. Burvey Miiwral Resourcos, 1913, pt. 2, pp. 85-107t 

1914. 

Potash salts. 1914: U. 8. Geol. Survey Mineral Besoureee, 1914, pp. 9-34, 1916. 

• Potash salts, 1915, wifli G^mple t^ata for potash, by W. B. Hicks: U. 8. Geol. 

Survey Mineral Resources, 1915, pt. 2, pp. 05-133, 1916, 
EtciiAui>8, K. W., Niter near Melrose, Moot.: U. S. Geol. Survey BulL 540, pp. 470- 

47:i, 1914. 
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i>tnRADER, F. C, Alunite in granite porpb>Ty a»r Patagonia, Am..: U, S, Geol. Sur- 
vey BuU. 540, pp. 347-350, 1914. 
— Almite st Bovupd, Nov. : U. B. Oed. fiurv«y Bull. 640, pp. SSl-W, 1914. 
BCHULTz, A. R., and Cross, Whitman, Potafib-bMiiilS Tocks <A the Lmrite HiBii» 

Wyo.; U. S. Geol. Survey Bull. 512, 3!> pp., 1912. 
Wellb. R. C.. ExperimeatA on t^e extraction of potash from wyomiagite: U. S. Geol. 
Survey Pxaf. Paper 98, pp. 37-4fi, 1916 (ProL Paper 98-D). 

PBODTOTION OF 6AI«T IN THS UNITED BTATBS. 

By A. T. CooNB. 

Tho figures given below as rcpr(«(mting the production of salt in 
the United States for the yoai-s ISSO to 1917 are compiled from the 
records of the division of mineral r^ourcas of tlie United States Geo- 
logical Survey and have been published in the annual volumes of 
Mineral Resources. The figures for 1880 are those collected by 
the Tenth Census and are for the census year dune 1, 1879, to 
May 31. ISSO. The statement for 1881 was la.rgely estimated, and 
the returns for 1882 were ch^rived from oUic ial reports made by the 
State salt inspectors and from estimates mude by persons closely 
connected with the salt ])usiness. For the years 1S83 and 1884 the 
figures* were obtainctl more and more from the producers hy corre- 
spondence, and from 1SS5 to tlie present time the figures have been 
compiled directly from ri'ports of producers and contain practically 
no estimates. The unit of men^urcment of salt varies for differeut 
localities, the salt re])orted being measured in iiusiiels of 5G pounds, 
in barrels of 280 pounds, and in tons of 2,000 pounds. As the earliest 
figur<»« V ^»re all reduced to the Imrrel and published in that way, this 
nieasu; ;'fnent ha.s l)een adhered to, rdtliough at present the measure- 
ment hy tons is pro])ahly more common, all of the rock salt and a 
largo part of the manufactured material being now sold hy that 
standard. Many of the values given for the barreled salt prior to 
1893 included the value of the barrels. This was obviously not the 
true vahie of the salt, and from 1803 to the present time the value 
has be( n that <;f the bulk Salt itself as sold by the producer f. o. b. at 
poiat of ahipmeut. 
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SALT BBSOUBCBS 09 THB TTNITED SIATE& 
TOTAL PBODUCTION. 



The following taMo gives the statistics of the Bait produced and 
sold in the United States from 1880 to 1917: 



tS(Ul produced and suld in Lhe UniUd Stales, 188(^1917, 



bait manuiactared 
(•TBponted). 



Year. 



Bait in brine (sold 
or osMl by ehamlol 
works). 



Bock Alt, 



I 



uu.... 

1883 

tm 

U«6 

me.... 

1887 

1888 

1880 

1880 

1801 

1802 

]80».... 
1804.... 
1805.... 
I860.... 
1807.... 
I8W.... 
l>fiQ9* ♦ • * 
1900.... 
MOl.... 

looe.... 

1809.... 
1801.... 
1805.... 
1900.... 
1807.... 

1908 

1900.... 
1010.... 
Ull.... 
1012.... 
1013.... 

1914 

1916.... 
1016.... 
1017 



<.^u:inri:y 
( Ijarn-li, 



Value. 



pounds). 



I ~^m,"u 

; 'f ' !, 

'.i, r.'j.i, (.(..■) 

."> 7">! ........ 

7<>'.i,2.'i2 

i:\:i:)i,s(v,» 

13, f."^). 72i' ........ 

\>.\f.2i.2iU 

I2,:ij."), I'.»T 

l'.',0-)\ 

1 2, l>7 1, 151 ........ 

l;i.«.,Vi,<Jll 

121. 

i:'.,7r), 171 S.),f/2;,2:v,* 
,14, 0:72, o.Srti, ItiS 
|l4,7yi,'.:Ci| ;'.,s^s.o„>c, 
t.V, l-HJs, lis| (,,nl7,:<2t 

I, ',.9:)0, m] 5,S17, 770 

II, 921, :!.'/(ti 0, 2(i<., 451 
1 1, \2\, ',2s 7, l:il,<,27 
l.),22i,{>>:t! 7,575, :>.5S 
15. !L>2. i>;'7 7.5a'..(KK» 
Hi,<^t,1.5*j S.Nt5,v27 
l7..\U.5l:i 111. I i^.s,;(, 



<- 2, 110, 

i,;i.v., 

(i 1. SSI, 
<■ 2,.'iU, 
<• H, I'H, 
c :i,U77, 
<• .i, Vv-i. 
d .-..571. 
d 5, l.Kj:l. 
d s, '>n I. 
d :4. US 
-l,i)tx.. 
7,sr,c<, 
t»,57:;, 

Sfi'.i. 

h,77(), 
9,.'tv,*, 
10,027. 

11, 

11,5SS, 

11. SM.^,. 

l;</>->-2, 

Is.lKt. 



Value. 



(l)Lir^el^, 
2s0 



a 68, 400 



ToltL 



Quantity 
( barrels, 
2.0 



ValoB. 



.7«> 
?2l 



■I'.t! 
M2I .. 

s5x;.. 
CH,."i 

52fi 
417 
9:U 

171 

21t, 

..07 

o >■, 



o S2, .VK) 
a 2»i.5,2l5 
a 22:i,WV} 
a 2">J,271 
6 402, 9<! 1 
t 772, XI 1 

h \, 'z\:, i7y 

I l,'i«)0,27.s 

^ 1 , i:i.s, yzs 
I l,i:i4,M:i 

1,884, 145 
2, '/J*)*'), »)0<i 
•2,0M>, 7«.;j 
1,7s:}, ss(", 

1, »;;y,4.5y 

2, is;i,K)l 

2,544,0:«"i 
2,y74,o:« 



•I 



886,180 S,9f51.(KO:n, 

G ™ ' 

G, 

7, 



12.1 



141 

125, r,77 



,200,000 
,4 12, .373 
, 192, 231 
,514,967 

,707, OS 1 
,00:?.%2 
,055. S81 



S 
8 

8,005,5651 4, 
% 

... 11. 
... 11. 



411 

<.21 
444 
11 » 
MS 

v;o 
U57 



?20(), '.Is 
39 i, 497 
47s, (.St 
4t.l, 124 
44 (.t..?." 
4:is. .540 
41,9, 4(.l 
r>01,2i5 

r.7ft,014 
5sit.519 
f>)1.9*i5 

s.; j . s-t I 



2, -vsy, Kit'. 
3, 175,.5'2J 
4, 309, 141 

4, 7.'>3, 7<i5 
4,S7:},52«.i 

5, liU,211 
.5,9:is,721 
t.,9i',5,9:ij^ 
G,2:V2,207 
7,01*1,757 
7, 5.S7, 791 
v.. 177. 172 
S.:v>4.19.^ 
9, 77::;, 



12 

13; 

15, 

1', 
•19. 

25), 



1, 15,5, 
1,:147, 
1.241, 
l,'is7, 

i,on, 

l,57s 



*;97 

'>2!. 
229,' 
2,<'.1>5, 



...2.5, 
427 2S, 

an 29, 

•His 

907 ;w, 
ii:uo, 

010.11, 
h29 

r>e<7 .31, 
S9y 34, 

S94 a'^. 

■270 45. 



fiH->, 991 
*S7.945 
09X, .'^90 
897,208 
96>., 417 
009,049 
ho0,720 
97:<,202 
012, f34 
708,014 
809, 342 
566,001 
M9,231 
968,089 
0;i0,002 
90<., 122 
172,3,S0 
701, 12S 
K22,0«i2 
107, f.40 
:?05, 0,50 
l!<3,tl08 
324, S08 
399, 29S 10, 
.si>4,0S3 10, 
4.31,496 11, 
449,329 13, 
M4,l31jitf, 



S29 
200 
320 
251 
197 
825; 
73<i 

09:i 

374 
195 
752 
710 
054 
154 
739 
423 
040 
920 
212 
807 
914 
017 
068 
286: 
021 
095 
058' 

cos; 

553 
343 
900 
3-15 
102 
123 
197 
747 
045 



Aver- 
age 
pne« 
per 
baa«L 



566 

ooo; 

140; 
042 
734 
345 
585 
K4G 
203 
412 
286 
121 
915 
668 
285 
084 
839 
020 
554 
467 
603 

I , I , 

tfb8 
222 
922 
350 
323 
632 
831 
344 
092 
772 

i;{9 

417 
(M 
947 



80. SI 

.08 
.67 
.69 
.64 
.69 
.€1 
.51 
. 54 
. 52 
. 54 
. 47 
. 48 
. 35 
. 37 
. 32 
. 29 
.31 
. 35 
.35 
.33 
. 32 
. 24 
.28 
.27 
.23 
.24 
.26 
.20 
.28 
.26 
.27 
.28 
.29 
.29 
.31 
.30 
.40 



a Louisiana. 

« loeludM a small quantity oi solar salt. 



(• i.oui^mna and New York. 

d jjidudes a small quantity of maniifartured salt. 



With the exception of fluctuations in the years 1883, 1889, 1901, 1903| 
and 1908, caused by trade conditions, there has been a steady increase 
in both quantity and value of the salt produced in the United States 
since figures of production have been aTailable. During the last 10 
yeais the total quantity has increased 65 per cent, while the value 
has increased 162 per cent, with an increase in average price of 14 
cents. The large increase in value has been due in part to the gradual 
adoption of various processes of maldng high grades of salt for table, 
dairy, and manufacturing use, the increased use of rock salt, and since 
1014 to the increase in prices necessary to offset the increased cost 
of fuel, labor, and supplies caused by the war. The values and average 



Digitized by Google 



FBODUCTION. 



253 




Digitized by Google 



SALT BSSOUBCBB OV THR UKITBD SIAXBS. 

prices given in tho :i})nvp table are influenced hr the increase in 
quantity of salt pnxluced and used by alkali and chemical manufac- 
turpi>i. The salt < <»ntent of tlie brines used by thi'se firms has neces- 
sarily a low vhIuc. as tlie producers do not calculate the value of this 
salt until after its c^jn version into other chemicals. During the last 
10 years the salt in these brines has increased 123 per cent. 

Rock-salt production has increased 97 per cent during this period, 
a gain which is accounted fur by the increased demand for chemicals 
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M1LU0N5 OF BARRELS - ^ 

Vtems tt^lMiggm jt i wI u i lii l tf p to a nedanof idtte ^ Stotes, by Btat«e, 1801-1016. 

and the readineBB with which the production by mining can be ex- 
panded in comparis(»i with the evaporation of brine. 

The pTodaction of evaporated salt increased 20 per cent during the 
10 years, and in 1917 showed an increase of but 1.1 per cent over 1916, 
compared with increases of 13.8 per cent and 17.3 per cent, xespeo- 
tively, for salt contained, in brines and in rock salt. 

The increase in the production of salt in the United States from 1880 
to 1916 is shown diagrammatically in figures 15 and 16. 

P&ODUCTION BT GBADES. 

The collection of statistics by grades of manufactured salt was not 
attempted until 1893. Though the various grades are not known by 
the same trade names in all the States, the f oUowing table is presented 
as representing the method of grading the salt sold in the United 
States: 
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In tiiis clasoificiition lublo and dairy salt includes (u})lc, butter, 
chroso, prot/.ol, casing, 'paste," and similar special brands, generally 
artiliciaiiy (iried. Pat Ivcrs', common fine, and common coarse incdudo 
salt used in curmg lish, packing meat, preparing pickles, curing hides, 
and for packing purposes in general, and also salt known as "medium 
No. 1" and '^ground alum." Coarse solar, as the name suggests, 
includes coarse salt manufactured by solar eyaporation. Bock salt 
includes all sail^ mined and shipped, whether ground, lumped, or 
screened. Other grades include all second-grade or No. 2 salt, such 
as agricultural and refuse nit, including sweepings. Salt in brine 
includes the salt content of ail salt liquor used in the manufacture 
of soda ash and other chemicals or sold without being OTaporated to 
dryness. 

P&OOUCTION BY STAT£8. 

The statistics of the production of salt B\' Statt^s are rather unsatis- 
factory for the iirst few years because of the difficuily experienced 
in getting into touch with the piociucors themselves and the neces- 
sity of depending on dealers, railroads, and State inspt dors for infor- 
mation. Nevertheless the following comparative tables are pre- 
sented, the records for tho earlier years being the most complete 
obtainable. 



Salt produced and told in tha United States^ iSSO-lOiX, hy States. 



state. 


issa* 


1881 j 1883 


Quantity 
(bairets). 


Value. 


Quantity 
(barrels}. 


Value. 


Ouantity 
(bairelB). 


VabM. 




2, om 
(12, m) 

1,915 
2, IS'., 177 

1,7 1"), i.-ll 


.j, 700 
21,!)')0 

lfi() 

3, X O 
2, 271,913 
!t2, (.10 
], 1(17, 7(iO 
■iuS, 7!) I 
177, 41.T 
2^, 7(10 
( (1, 2M) 
127,(178 

8,760 


b 192, S-.7 




214,200 
r) 


tl8D,000 



















1>S2,000 


('•) . 










< 17. V,7 




'i 3,'V<7,ril7 

t> i:>,(XK» 
» 400,000 


2,12ii,I22 
37, SOO 

800,000 




«84S,00O 








H'. 120 
7M> 

V), i7;> 
1,000 


















t» ?0,tKH) 

- - - 


«> 1*2, 820 
h 1(HI,0(X) 


Mi, 0(iO 




NVrst \'i!;,'mia 


Wvoniini:. 


Other Staif s anti Ten iturics . 


(., 2(N),0(X) 




^ 41 '2, ."«()() 
(■,412,;i73 


607, 20O 
4,320,140 






4, S2-;t, .")'>() 





1 Fi^ires for consiis year ending May 31, 186a 

Ksii mated. 

c Included in " Other Statcaand T«rritorte8." 
* Report of State salt inspeeftor. 
tfChiiEciiill Cmmty only. 
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8aU produeidandtoldin tJu UnittdSUiUt, 1880-1917, 6y ^foka— ContiiiiiecL 



IMS 




Net 

Now York 

Ohio 

Tennessee 

Utali 

VjfKinla 

Wost Virk;im:i 

WvoraiiiK 

Other States anU Tvrritork>i>. 



Quanttty 
(blimli). 




21, 129 
l,GIt>, m 
350,000 
(•) 

1«7, 143 
(•») 

320,000 



Valne. 

tl»,00O 



141,1 



,1» 

15,01W 
AW,ti3M 
231,000 

(<»> 

100,000 

C) 

211.000 



•100,000 



377. .VJo 



1SS4 



Quantitj 



Value. 




1,964 

8, W!,W»i 
17, <al 
1,788,4:>4 
320,000 
(•> 

1H.285 
(•) 

310,000 

(") 

400.000 



,677 
2,392, 53<> 
12,500 
7a'.,»78 

80,000 

{«) 

m,ooo 

(») 

364,443 



Ouantky 
(bamie). 



221,428 



C) 

S99,2n 
3,207,403 
28,503 
2,304, 7K7 
30 sin? 
(«) 

107, 140 
(«) 

22:i, 181 
<«) 

2.V),000 



ii,lU2,23l| 4,201,042 1 (i,514,»37 | 4,ltf7,734 



State. 



Californift. 
nUnois.... 
Indiuis... 
Kantts... 

Kentucky. 



Quuntity 
(tjorrcls}. 



Mkiikan. 
Nevajh.. 



New York 

Ohio 

Tennessee - 

Utah 

Virtrlnla 

West Virginia 

W yomin^ 

Otter StaaetMMl TecrHoriee. 



Stole. 



roUfornia 

lUinots 

Indiani 

Kansas 

Kentucky 

I/OuLiianu 

Michipin . . 

Nevada 

New York 

Ohio 

Tennemee 

Utah 

VirRipia 

We$t Virginia 

Other States and Terrltorlr&. 



314,3X5 

C) 
(") 

209,(101 
3,<>77,257 
30,000 
2,43l,.V.3 
400. OOO 
(•) 

104,285 

(«) 

230,000 



7,707,081 



tlM,«)0 

(•) 

(«) 

(") 

(«} 

108,372 
9,42r»,g8B 

21,000 
1,243,721 
260,000 

100,000 
(•) 

163,500 



Si 



4,7aO,W5 



1887 



Ckoantity 
(mrreisj. 



(•) 

(-) 

(") 

341,003 

8y 900 



2,3.>3, >iO 
365,000 

3W,000 

"looo 



SOObOOO 



8,003»0G2 



Value. 



1140,000 

(•) 
C) 

(«) 
(») 

m,Z35 
1,201,842 



«8,894 
319,000 
(») 

102,375 
lS,000 



130,000 



4,008,846 



Qoanllky 

(bamls). 



330.000 

(1) 

(") 

loo, OOO 
(«) 

884,385 
8, 80ft, 238 

2,318,483 
3W,000 
C) 

151,785 
220,000 



850,000 



OuantUy 
(barrels). 



150,000 

4%,000 

629 

3,H'>(),<»29 



2, 1^73, lM)r 

C'J 

am, OX) 
8,009.865 



Value. 



863.000 
(«) 
(«) 

202,500 

(») 

152.000 
2,08S,9fJ9 



1, 13<).503 
tr,2. 300 

( '-• ) 

t"i,0(>U 

<") 

LiO.OOO 
4,195,412 



1890 



Quantity 
(barreie). 



Value. 



63. an 

(«) 
(«) 

882,666 
(•) 

273,553 

3,837,(i32 

C) 
2,532.0V. 
331.303 
(•» 

427,500 

(") 

lUXI.CiOO 
8,776,991 



857,0R5 
C) 

^,199 

(«) 

132,000 
2,302,579 

<") 
1,2< •.«■.. OlS 

i*'i,(;i7 
'«) 

121'., 100 
C) 

i;u. w 
4, 752, aw 



Valna. 



flOfl^ooo 
(«) 
<«) 
(«) 
(«) 

189, 9U 
2,9n7.Hi3 
20,000 
874. 2S8 
199, 4dO 
(«) 

75,000 
("•) 

145,070 
C) 

243,933 



7,U3S,(>a3 I 4,825,345 



199,000 
(•) 
134, G53 
2, 2-31, 743 

(«) 
1, 139,409 
247,000 

(•) 
32,000 

(«) 

143,000 



143,909 



8,065,881 4,87^208 



18»1 



Quantity 
(barreb). 



20O.949 

39. li70 



855,534V 



173,714 
3,96ft, 7St 

60. -no 

2, S:?'*, 544 
(«) 
(«) 

9iW,000 
70, 442 
(") 

KM, '07 
9,9ti7,945 



Value. 



890.308 
34,909 

'364,'778 



102,375 
2,037. 2S9 

1,310,686 

(») 
(«) 

2»V\350 
70,4* 

4 < I.Ti'l 
4,716,121 



• Inelndad la « Otber States and Territories." 
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Salt produetd and told in the UmUi Stitet, 1 930-1917, 6^ ^tates-^Oonttnaed. 



8talf^. 



Illinnu^ 

Kan-, i'J 

I.oni u;ina...., 
Michinin...,,, 

NtsvaUa ■ 

New York 

Ohii) , 

Text-? , 

Ut;;h 

Virsinia , 

WeiitVirsinia 



1^ 



vm 



Quantity 



235,774 
1,4S0. \m 

200, 

21.929 
3. 172.07? 
n S99. 214 

25.. "171 
121. 2.M) 
l,2iJ2. 471 

fO.OOO 



Volmi. 



S104,93$ 

4S.0O0 

773, ItvH 
100, (XX) 
2,046,9fi:i 
22. '^'^ 

a 694, 720 
10, 741 
99,500 
340,442 
50,000 



Siantitv 
anelsu 



5,654,915 



IMS 



State. 



CalUoniia. 
IlliiiniB.... 



MieMcftit 

N«vftdA 

New York 

Ohio 

Oklahon:a 

PeansyJvanja. 

Teicft"? 

Utah 

Vir?ini!i- 



Ouanlily 
(utrrals). 



VatiM. 



31S,qf»5 
fi7,119 
1,341, tiU 
r.9. 771 
3,343,395 
7.000 
6,832, 3;n 
7S 1,033 



West Virgiuut 

Ottwr states uad TarritorieA. 



157.213 
125,000 
294. 1N"> 
f)5,0Of> 
176. 720 



13, 5811, 649 



31,54S 

4«.701 
7H, m 
1,018,251 

5,000 
1,943, :!«H 
326, 520 



67.411 
55.000 
121,762 
40.00t» 
63,041 



292.858 
59. ir.l 

1,277. IM' 

3,057. S9S 
6.559 

5,6«2.074 
543,9ti;i 
2H0,343 
126.000 
189.005 



210. T^i 



11,897,205 



Value. 



$137, %2 
30, Ifi»< 
471.513 

97.200 

4.4H1 
l.STO.tm 
2n».393 

m, nii 

110,267 
130,075 



18D4 



Quantiiv 



(i'<.222 



3.^2,246 
50,000 
1,3'<2. 409 
1S.-«,0.X) 
3,341,425 
3, r,70 
6,270,5*< 
52*<,y'Jrt 
203. 230 
112.S".7 
2(>S,l-'fi 
64,222 
194.5:V2 



Valtto. 



fl72.r.73 

27,50tJ 
529,392 
86.134 
1,243,619 
4.030 
1,999, US 
I'C. 432 
750 
!0!.<M10 

art, (177 

43,. -.HO 
61,917 



12,9«8,417 



4,739,985 



1806 



1897 



Ooantitj 
(ttanels). 



Value. 



Quantity 
(iKirrcls). 



Value. 



430.121 
1,40^607 

(n 

3,1(4,238 

(O 
6,0i>9.040 

i,rH*2.'i."»s 



$'.9S.%3 
397,296 
7W,408 

432, H77 



i,423,0»l 



19.H,5'.»6 

(n 

279,800 
(') 

176,921 
461.045 



13,8S0,735 



Mi. 717 
(•) 

W.550 
(O 

50,717 
192,030 



470, H93 

<o 

1,53S,327 

f) 
3,993,223 

(O 
f., S(V5, 85} 
1,575,414 

161, 2*7 

(<^) 

405,179 
(«•) 

441,893 
575.130 



4,040.839 15,973,202 



1^152,654 
(O 

4^.023 
(*) 
1,253,403 

(«:> 
1,948,759 
421,757 

in 

45, 107 

196,056 

100.129 
2M,i33 



4.«20,oao 



QuauUty 
(bamis). 



1898 
I 



I 



1900 



California 

Idaho 

IllinoLs 

Kansas 

Kentufl.y 

Louisiaim 

Massachusctvs 

Michi(;un 

Nevada 

New Yoric 

Ohio •. 

Oklahoma 

Pennsylvauia 

Texas.... t, 

rtah 

Viruinia 

West Virginia 

Wyoming 

Other Stal«8 and Territories. . 



653,009 



1,882,829 



Value. 



5185,845 



Quantity 
(bainJa). 



616,501 



in 



5,263,564 

(O 
6,791,798 
1,682,247 

(O 

154, 287 

2">».2s> 
2t>6, 2M 

(n 

247,668 



417, 198 



17,61^534 



1,628,081 

2, 3()',t,321 
82ii, H<k.S 
(<■) 

in. 000 
lH.7t)0 

It) !, 778 

() 



227. 9aj 



642.563 

(«■) 

1,645,350 

7,117,382 

7, 671 

7, is'i, la'. 

1, 460,516 
5,248 

(c) 

('■) 

22i,534 
(O 

570, 674 



Value. 



Quantity 
(bamb). 



5281,741 

(O 

(n 

546, 291 

{c) 

(O 

(«■) 
2,2a5,924 

lO.OJtt 
2, 540. 4'26 

575, 864 
4,704 

(<■) 

204.330 
115, 100 
(O 

107,987 
275,018 



621.857 

(O 

(D 
2,23;{,87S 

(O 

(O 

(O 
7, 210. 621 

(n 

7,8y7,071 
1,42').2H.{ 
5, Wil 

fo 

249, 12.H 

(O 

243, 873 



9S 1.770 



6,213,554 19,70«,614 6,867,407 | 20,869,342 



Value. 



r2l6,291 

(<•) 

(O 
1,076,946 

(O 

(n 

(r) 
2,0:13,731 

(O 
2,171,418 

6<W,3a> 

6,ta6 

(<-» 

151,662 
(<•) 

118,407 



473,687 



6,944,603 



a Incladcf West Virginia. 
* Included in Ohio. 

« Ineluded in *' Otber States and Tenitories." 
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Salt produced and sold in the UniUd States, lSSJ-19ir, hj .9 <ar«— Continued. 



CalKomte 

Idaho 

Illinois 

Kansas 

Kentucky 

Louisiam ....... . 

MassacbunlU.... 

IfirhlfMi 

Novaaa 

New York 

Ohio 

O khho mft 

Oragou 

Pennsylvania 

Texas 

rtah 

Virpiniii 

West \'irt:irii;i . 
Ullier h>tal«:i dud 



QiutiMly 



(") 

(") 

(-) 
(") 
C) 
7,72».641 

7,2S«,320 
l,153,o3a 
7,»6 



lerri lories... 



334,484 
(°) 

231,722 
1. irM.mo 

2U, jtiti.tMil 




3Ai,010 
(») 

94,732 
459, 2.-.9 



2a,M9,231 



Quantity 
(bamlsji. 


Valoo. 


f.>>, 701 
(") 


$198,630 
(«) 


1, ").'>5,034 


564,232 


C) 
4 2"r7 542 

(") 

R,170.fi48 
2,798,899 
(•) 


178,342 

(«) 
I 119 9M 

2, 007, so: 

795,897 
(•> 


(«) 

314,000 
212,965 
(«) 

241,236 
17.'>,2:W 


(•) 

117,647 
181,710 

(«) 

^"i, 797 


18,966,069 





8Uto. 



1904 



ins 



Quantity 
(barrels). 



Oalifomla 

Idaho 

Kansas , 

Loiii-siaua 

Massachusetts 

Michigan 

Nevada 

New Mexico 

New York 

Ohio 

Okloboma 

Ponnsylvania 

Texas , 

Utah - 

Virginls , 

West Virginia 

Other States and Territories.. 



821,, "io? 

(«) 
2, l<il.819 
l,09o, ?>.,() 

(") 
5,423.904 



VollM. 



Quantity 
(barrels). 



tm, 43;> 
(») 

717,101 
320, 000 
(") 
1« 579. 206 



8, 600, 
2,4.'>5,829 

(«) 

(•) 

376,095 
253,829 
i") 

.575,000 
262,863 



2,101.:>tiM 
478,523 

i:i 

149,246 
321,301 
(") 

6«,470 
82, Ml 



464.009 

(«•) 

2, 098, 5R5 

i,aM,i8<5 
C) 

9,492,173 
(«) 

(") 
8,3.*i9,12l 
2, 526, 5o8 

C) 

(«) 

444,832 
177,342 
(») 

202,151 
946,075 



Value. 



$188,330 
C) 

576, 139 
303,507 

(«) 
1,8.>1,332 

(«) 

C) 
2, 1<>7,931 
565,944} 

f:! 

112,903 
ir),465 
(°) 

74,063 
90,216 



22,030,002 



6,021,222 i 25,966,122 



6,096,922 



1908 



Quantity 
(barrels). 



806,788 
1.574 
2, m, .S37 
1,179,528 

{«) 
9,9:i6,«02 
11.249 

(«) 
8,978,630 
3, 236, 785 
9,893 

(«) 

3«10,733 

ass^2i2 

'?i»r),a55 



28,17^380 



ValiM. 



S291,.52S 

1,867 
<'>.SI.(»22 

268, (Xij 

2,018,760 

(•) 
2,098,686 
789.237 
4,965 
<•) 

170,539 
169,6S5 
(«) 
57,564 
100,082 



6,658,350 



• fnehidod la ** Other States and TanltarieB.' 



n 
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Stdt produced and sold in the United States, lS^O-1917, by 5fa<€«— Continued. 



State. 



Caljlornia 

Hawaii 

Iiiatio 

K.iii'-a- 

lAi'iiviatia . . . . 
Ma'^sat hiisi't t ■■. 
Mictiiijuri. . . , . 
N( vadii ... 
New M(".\ iro . . 
Vorri . . . . 

< 'hto 

< 'kiuliortia . . . . 

I'orto K ii-u 

Texas 



1907 



QiiJintity 

(barrel-^). 



626. MS 



Value. 



l.<iOO 
1.157,(i21 
10,7W..(»30 

a, i.'i; 

y. W2. 178 
3,8S1 213 
MXJ 

('■) 



2.0)0 

9<]2 :m 

■m,. 892 

(<•) 

2.2;n.i29 

(o 

yTy.orn 

910 

(0 



190S 



t^uatitity 
(Imrrck). 



8V9.028 



Value. 



1374.828 



1. IH 



1. 113 

882,984 



1909 



Quantity 
(barrds^. 



o 7. 7!«> 
793 

2,769,849 

CO 



10. iy-1,279 
9,714 

in 

^10.023.872 
3,127.478 

1 («•) 



2, 4o«*. .303 
4.7S.3 
(') 
rf2,.W;.471 
i -V64,710 

(<■) 



Ciah 

\ irjjiniii.. 

West Vjigijiiit 

Oilier States and Territories. 



34.'..io7 
(") 

l^i, 147 
105>637 



22;;, .^^40 
IW. 779 
(^) 

«t,350 



442,.'>71 
212,678 

144»t 157 
847,367 



2ir«,(w2 

\m, 833 
(O • 
70. ISl 
61,172 



9, 960.711 
10, 107 
(<■) 

a 1*W.790 

•to'j.3ir. 

24fi,935 
(0 

1J0,492 
887,231 



39,704,138 7,008,323 i 28,822,068 7,863,632 



State. 



lyio 



1911 



30,107,818 



Vakw. 



8^8,889 
« 5,292 
1.118 
782,676 



2,732,568 
19,847 

(<•) 
2.646.736 
993,708 

(9 

<• 26,810 
2fi0.2S6 
147,318 

76,463 
93,160 



8,813^881 



1912 



Quantkj 
(baneia). 



( alifornia 'j37.jl4 

Jlttwaii J 1.4.^0 

IduJio. 8XS 

Kan'.a^.... 2.81!,44S 

lyoiii^siiii'u ... ('') 

MicliiVi'ii 1>. 4.52, 022 

-Ve vada , 17, o35 

NfW >!t'\in> .... (< ) 

N«."w Vut K Jll.ii42..'i20 



Ohu) 

* »klatiu!:ia 

1 'I'Ullsv Iv :,:iia 

I 'Orlo 1< i: 1.1 - 

T< \iis . 

\ tan.. 

\ rrt'iiiia. 

West \ irgiiiiu 

Utber States and Territories... 



3,t)75,8.'H) 
2. ,504 
(' ) 

('-■) 

:\s>. it>4 

2t9, S^iO 

1.00. 626 
968,229 



Value. 



y.jl9. W7 

9 .^ro 

1. 127 
917,309 

2.Z31.2fi2 
10,000 

ii 2, .".x.r 739 
tC) 1.963 

(') 
f) 

272. .168 
I V). 869 
<<) 

62,955 
130,774 



(bands). 



1.0. 50. 163 

y, 4W 
311 

2. 1, ".9,S59 

10,31'O,n74 
12.N.)rt 
(O 

c/11.234.<(2S 
4 . ;102. ,'.07 

(") 

('■) 

3S"i , 2(X) 
272,420 
(O 

183.. 3?3 
1,217,303 



,^.^^,3.:i9 

1 1 , V- 0 

.',32 



30,303,656 j 7,900,344 



SOT). 

CO 

2,t>;«, 

(■ ) 
<i 2. r,:iH. 

i.iw. 



027 

9.>2 
1,M 
431 



(') 

(') 
2!»*1. 
171 

(') 

7».805 
133,172 



■'37 

,2o8 



Quantity 
(bsrrela). 



1,090 000 
8,286 
f ) 
2,.'.7.'l,626 

(■•■) 
10,910.7.39 
12.0.36 
(' ) 
1(1. .127.221 
r>/MK 179 
• 

(<■) 

(<■) 

373,004 
2S;i.293 

(n 

139, 121 
2,101,743 



I 



Value. 



3620,196 
9,180 

844,298 

(<■) 
2,974.429 
1.5,752 

(O 
2.615.334 
1,364,138 

290.328 
1.54,734 

66,023 
448,388 



31,183,968 , 8,345,683 33,324,808 



9,408,77a 



« Statistics not obtained beforo 1908. 

ft Included in New York. 

c Included in ** Other States and Teiritaiie**" 

4 Includes Louisiana. 
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$alt produced and §otd in the UmUdStalett ISaO^mi, by 5lfftet— Continued. 



mi 



Cblil'Jt Hi • . 

Hiiw;ilt 

f,<nr1-jiiM.t 

N( I' hi/i > 

Nf\\i<l.i ♦.»..,..... 

New MtXH-'ti 

s york. 

Okl.iijniri I ^ 

iVfiiisyjviifiia. .............. 

I*(»r'.<i Rico , 

T.•^.l^ , 

L'tiih , 

Vjr;;iiii:i 

Q%het &un»* (uta lerrUorios. . , J ^ • ^ 



1M4 



QttaotUy 


) MtM. 


QuMtitjr 
(Mmli). 


VMIM. 




173©, »>^"i 


1 , lot, in 


S7'<2 021 


<■. 1)71 

( -i I 






"I)' 1 


.')2') 


'J. M' ,07'.) 


>o*i, 101 






'1 1 




Ml ) 


f'j 1 








3, 299, m*. 


8,»71 




4, :i;ir> 


2, « It 












V. V,.',. 1»<T 


10. ■;v.i,:iti 




aio, 




(<•.'. 


1, tit), V>l 


(•) 




(« ) 


{'•■) 






f") 


(•') 


■ \ 




(1) 








:;:u.<»7>) 




330, U3 




:','■>, i'>: 


•231, rA2 


f'-'t 












1 m 




is;. 














, ID, UIT, JI7 















1" ' 




3,7tv'),lr31 




( n ) 


i 0 ) 




4,304. 7,U 












2,tJ76,«>'. 




1 w ^ 


1 m 


i«> 


















2, (>.'j2,'<77 


513, IR< 




Jl, 747, ti» 



Stale. 



Q::;iiit!ty 

0>.lIT(.-Jbj. 



Callfornfa 

H'.i'.vaii 

Mahn . 

Kiiiisa- 

L*.»i;isuiii:i 

NJk-!!iK:<ii 

Nevu.iii. , 

New M'' V i: 1) , 

Sen- \in ^ . 

Ohio i 

OWIjIioniii 

IV'.TiSN l\ ;irii:i 

]'')}■{ i> lUcu 

lVx;a 

rtah... , 

VirRiiiiii - . 

W est V irgiuia 

Ottm State* aad Territories. 



1,134, 230 

(a) 

Mi 

f«> 

:i,^-i!^,27S 
I") 
(■> ) 

ti, 7t»»,l*i 



t«56,075 
(«) 

Ml 

!,no2,;i.vj 

(") 

4,t)12, j()7 
(") 
(«) 

'2,U:?H, 749 



litr 



I 



.Ml, !"7 



45,449,391 



4f)7. 1 i? 
2^9, ij' 



(hiirrt'ls 



{") 

(°) 
C) 

7, 347., 307 

C) 

(<>) 
(«) 

60K, m 

r>l>">, 078 

(") 

177,137 



S83.%4« 

2, 027, 1« 
6, ^77, at 

(«) 
5,:<71,7H 
2,«»,57.5 

(«t 
("^ 

(") 

^9S 

lot 

191, <M) 



« looluded iu " Other States mod TeniUvies." 
BANK OF STATES. 



The following table prosonts general information of interest to tho 
salt trade. It gives for the three years 1915-1917 the number of 
opornting plants, the average price per short ton, and the relative 
rank of the individual States as to both quantity and value of the 
salt produced. 
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I 

Number of plants producing salt^ mnJtof StateSt and average price per short ton, 1915-1917. 



t»15 



( 



State. 



R:i;lk of Stat« 
Niun- ' ''>'— 



I 

I oner- 



CBUfornla. 

Idaho...".. 



at ing 



tit V. 



Aver- 
value, 



LouiiioiUi 

MkhiSAB 

Kevada 

New Mexico. 

Ko'.v York... 



Ohio 

Dk 1,1 hum I . . . 
Fi-nri vivttnia. 
Porto Rieo.... 
Tex;v< 

L'toli 



• 2Sj 

r 1 

m! 
I 

.1 h): 

^ - ', 
a 27 

cZ 
el 

a 2l j; 

I 

c l< ' 
e2: 



.SUTU- 

boi 1)1 
;iti!is; 



12 

m 



I 



Virpini.> 

'V\"c:^( Vii giaiit. . 



Total brlao 
and rork 
salt 

Total'United' 
Ststes 



c 2 



til 



U 
13 

2 

"li! 

i 



11 c H. D't^ 
c 10. On 



6 ft "2; 

* \ c 2. 
14 4.071 

1:5 c 2, 7-i 

3; c I. 7S 



1} •» 



tm 



iiank o: Stuto 

I':-- Avor- 

I HRC 

I price 

value 



Total 
quail- 



''I 

<J 10: 
f> 27 



c 

c 1 

1 2:> 
c 10, 

c3i 



1(»; c2." 

12 

ill ei.Ml 



7 

12 
1." 



1 

13 

12 



14 



1917 



I 



I 



,n unk of Skitc 



N'um- ; •>>' 
))i'r of 
opor- 

aiiiiK Total 
ton. planis.i qutuv 
tlty. 



/&t2.»6 



Total 
value. 



/ ^ 2. 2-^ 1 



<-2 



e 1 
«4 



•'A. 4.207 
12 f7.00^ 

7 6 2. 2.S 

14[ ei.3S| 

r^l r2.0i>' 

3, c2,i7. 



127 



H 

! 3.19(. 



12* 



II 

s 



1U\ 



ID <r2, <»2 



S 

n 



I 

»| c;i.<>7j 



I 

"'1 

<» 10 

6 2 
a 24 

02 

c2 

u 2:; 

r 1 
c 2 
C 0 

a7 

e I 
e4 



\.L'..i2j' 

2.14 



123 



13| 
17 



I 

1; 

14 

12 

i 

11 
9 
10 



A viT- 

price 
per 
too. 



\cl'>. 61") 

\ '• ;i. t;:i 

(':?.:^7 



12 
17 

4 
() 
1 

14 

M 

l'>' fl,. »)i 

hi r{. 1)0 

ID] '4.24 
e r>. »i2 
2. .->4 

i.tk) 

11 " 
y f 7. (iS) 



/ 1> 2. y2 

\<-;;. IS 
f 2. 41 
f 2. n 

\ <■ 2. r,2 



f i> 2. 4:^ 

\ ( 2. 'J9 
2.« 



• Ibetad«s both rock and brin« salt. 



» Rock salt. 



eBrinaiaH. 



For tlie Census of 1880, 268 salt plants reported operations. There 
were 161 plants in 1897, 136 in 191 1^ and only 129 in 1913. 



PBODUCIION ON TKB ONOin)AaA SAI.T SPBINGS BESEBVATION, 

H. Y. 

The longest record of production of salt in any district in the 
United States is that of the Onondaga Salt Springs Keservation, 
N. Y., and the quantity of salt produced in t!ii^ reservation from 
17 97 to 1917 is shown in the following table. The figures from 1905 
to 1917 are not those of salt inspected but of salt sold and have 
been compiled from reports made by the Onondaga Coarse Salt 
Association, as the State sold the springs in 1908. A quantity of 
brine used from 1888 to 1896 in chemical works at Syracuse is in- 
dnded in the production of this district, although outside of the 
reservation. These figures do not, of course, represent the total 
' production of salt in the State of New York during recent years. 
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SALT RESOUKCES OF THE UNITED STATES. 



$ttUprodurei! o.-i the 'Onondaga Snl'. Springs Rescrva'ion, N. T., 1797-1917, as nporUd 
by the StaU •upermUttdent'o/ tail ia$peclion, in bu»hcU ofm poundt. 




1797, 

ine, 
ino, 



lios... 

IKM... 
IMS... 
ia06... 
1M7... 

um... 
itm... 

1810... 
1811... 
1«12... 
1813... 
IM-I... 
1815... 
181(i... 
1817. . . 
1>>KS... 
1M9... 
Ifc20 . . 
1821... 
1*22. . 
1823... 

im... 

1K2S... 

IKWi... 

1»«27... 

1K2S... 

l.'-29... 

l>v«)... 

1H31... 

1M2.:. 

1KJ3... 

IW4... 

IhATi. . . 

IKJ*!... 

1K37.. . 

IfvW... 

11»39... 

IMO... 

IMl... 

1W2 . 

18^3... 

1W5... 

1S47... 
184«... 
IWJ. . . 
1K54>... 
1H51... 
1W2. . . 
1K53... 
I.v,^ . . 

l.S^i... 

IK'Mi... 
ii07... 
ISSN... 



247 
H.3,()21 

3.?2, 118 
3.V^. 4m> 

Mi. 711.'. 

377, 7.i.» 
374, 732 
37H. 9f.7 

«a:5,5'j.-> 

.'■)77,947 
47-1 
il>b, 124 
7iKI,3!)l 
4*'1,2M) 
1,51-1, dM 



25,474 

42,704 

50,000 
62,000 
7i,0(i0 
«»,000 
ilX),000 
li)4,07I 
122,5/7 
17a, +Mi 
3l9,iilR 
128,282 
4W,00O 
200,000 
221,011 
22H,000 
290,000 
322,058 
348, 
408, W.5 
40<'>,540 
548,374 
458,329 
52.5,049 
4M,5<52 
72i,»88 
81(i, «v14 
7.>7, 2(i3 
811,023 
W3, 410 
l.l<fl,888 
1,129,280 
l,43.i,44»> 
1.014,037 
l,<^!»2,98o 
l,838,«.4<i 

1, «>43,252 
1,209, 8(17 
1,912,K5.S 

2, lli7, 287 
2. 57.*., 033 
2, 8(i4, 718 

2, ti22,.m'» 
3, 12(1, 520 
2. 12S, 8X2 
2..S09,395 
.■i.i.Tl, 134 

3. 4^>6, sua 

3, ;j07, 14t; 

3, i»88, 470 
4.394,ti29 

4, 705,834 
3,891, I>7 
4, 23.0, 1 jJ 
4,288,938 
4,826,577 

5, (Xks, S73 
5, oS-k, 7t'>l 
5, 257,419 
3,830,840 
6,518,063 



2$,47t 

59, m 

42,7(M 
.jO.OOO 
t. 2, 00.1 
75,00) 
90,000 
100,000 
154,071 
122,577 
175, 44« 
319,1)18 
128,282 
450,000 
200,000 
221.1111 

29.'>,0OJ 
322, 05<^ 
348,litio 
408,Ci<i5 
40t),540 
548,374 
458,329 
52(>,049 
481,5»-.2 
72ti,98S 
Slt.,t-i34 
757, 203 
811,02:1 
983,410 
l,lii0,88'l 
l,129,2S) 
I,4r.,44»i 
1,514,037 
1,652,985 
1,.S38,(M« 
1,943,252 

1, a09,W7 
1,912,S5S 

2, Hi7, 287 
2,.->75,033 
2,Sti4,718 
2,022,301 
3,340,7i>7 
2,291,91)3 
3, 127,503 
4,003,552 
3,7(>2,35.<! 

3, >«X,85l 
3,951,355 
4, 737, 126 
.^OSS.SOO 
4,2(>8,»10 
4,614,117 
4,922,.v« 
5, 404, .^24 
5, 803,347 
(.,(J82,SS5 
5, 9:.(.,810 
4,312,12) 
7,033,219 1 

i 



S59 1,345, 

8G0 1,4112. 

y>l 1,.V<4, 

S<i2 l,9<3, 

8?i3 1,437, 

8«w| 1,971, 

8<.»5 l,HSi;, 

SiiB 1,978, 

.Vi7 2,271, 

S»i8 2,(»27, 

819 ljio7, 

870 2,487, 

^71 2,4»M, 

N72 1,VS2. 

878 I,«i91, 

S7i l,(j!;7, 

.'*75 2,«i55, 

870 2,308, 

H77 2, .}25, 

878. ......... 8, 788, 

879 2,957, 

KSO 2,51(1, 

8.S1 3,011, 

S82 3,032, 

8S3 2,444, 

J<81 2,3.53, 

VH5 2, 439, 

88a 2 . 772, 

887 3,118, 

888 3.115, 

889 2,91ti, 

890 2, 72 ;, 

S9l 2,111, 

i>»2 3, 122, 

893 2,332, 

.895 2,.i08, 

89a 2, 4(14, 

807 ' 2, otiO, 

808 1 2,044, 

899 2,089, 

900 ' 2,422, 

901 2, 23.», 

902 : 1,491, 

903 1,887, 

904 1,608, 

905 2,456, 

9011 2,554, 

907 2,079, 

908 2,(103, 

909 2,.V18, 



Solar salt. 



910. 
911. 

(*12. 
913. 
914. 
915. 
916. 
917. 



2,341, 
2,177, 
1,484, 
2,184, 

1,248, 
C72, 



022 
5()5 
097 
022 
(356 
122 
7ti() 
183 
892 
490 
942 
601 
464 
604 
359 
3(i8 
955 
•179 
335 
754 
744 
485 
4!'>1 
447 
374 
860 
332 
348 
974 
314 
922 
471 
727 
789 
052 
394 
289 
422 
691 
924 
982 
804 
2.11 
579 
424 
299 
424 
055 

sy3 

036 
485 
750 
071 
071 
773 
2.70 
821 
(143 
429 



139,262,746 



ITlae salt. 



5,.V19,250 
4, 13 », 682 
.'i,31.>,*«4 
7,07'), K^,2 
t>,.XH, 727 
6,407,712 
4, 409,170 
5, 180,320 
5,323,673 
6,639, 12(1 
6, 804,295 
6, 260,422 
5,910,492 
6,048,321 
5,768,998 
4, 361,982 
4,523,491 
3.083,998 
3,902, 648 
4,387,443 
5,364,418 
5, 482,265 
4,905,775 
5,307,733 
5,053,057 
4,588,410 
4, m,»>7 
3,329,409 
2,576,823 
2,.>42,0o3 
2,448,117 
2,201,651 
1,735, 186 
1,282,885 
733,854 
871,8(50 
605,835 
342,179 
341,503 
428,456 
412,591 
337,948 
374, 842 
181, 17il 
fti,>>)l 
135,090 



13.>,240 
69,821 



271,410,742 



Total. 



11, 277 

5,593,242 

7,200,301 

9,053,874 

7,942,383 

7,378,834 

0,385,930 

7,158,508 

7,595,505 

8,666,616 

8.662,237 

8^748,113 

8,374,'J.'j«) 

7,030,925 

7,460,357 

6,029,300 

7,179,446 

5,392,677 

6,427,983 

7,176,197 

8,322,163 

7,998,730 

7,917,3» 

8,340,180 

7,497,431 

G,»12,270 

0. 934.300 
6,101,W7 
5,693,797 
5,657,367 
5,365,039 
4,928,123 
3,848,913 
4.405,674 
3,065,900 
3,227,2Si 
3,214,130 
2, 806, (iOl 
2,842,100 
2, 473,381 
2,502,5n 
2, 760, 7S1 
2. (>10,090 
1,077,750 

1, <.<33,2aO 
1,743,380 
2,456,421 
2,689,290 
2,149,71* 

2, (•«(«,(» 
2,.V*,485 
2,341,750 
2, 177,071 
1,484,071 
2,184,779 
1,297,260 
1,777,821 
l,2is,643 

672,420 



410,679,480 



The tot&l of 410,679^488 bushels of salt» equivalent to 82,135,894 
barrels, or ll,499j025 sliort tons, produced from the springs of this 
reservation during the 121 years for which records are available is ot 
especial interest, as this is the only district in New York where the 
natural brine is produced, the other districts producing either rock 
salt or brine made by dissolving salt with water forced into the 
deposits of rock salt. The total output for these 121 years is more 
than one and four-fifths times the present yearly production of salt 
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in tlie entire country. While the State controlled these springs, the 
expense of building and repairing the tanks from which the brine 
was <leli\ ercil to the lessee was borne by the State, and for every 
bushel of salt made the State received at first (1797), 4 cents in lieu 
of rent. In 1805, 3 cents a bushel was paid; in 1812, 12^ cents; in 
1834, 6 cents; and in 1846, 1 cent, the last rate being continued for 
the remaining years. The output of the springs ^vas made into fine 
salt for 43 years, from 1797 to 1840, when solar salt also besran to be 
marketed. The producing of fine salt was gradually discuutiuued, 
until now the product is practically all solar salt. 

BABLY PRODUCTION IN MICHIGAN. 

Salt was first made in Michigan in 1860. The production from 
1860 to 1868, inclusive, according to a report made by the first 
inspector, appointed in 1869, was as follows: 



Salt produced in Michigan, lt>60-166St in barrels of 2S0 pounds^ 



Yi-ar. 


Production. 


Vear. 


I'rudutaiuu. 




4,000 
125,000 
213,000 

m»m 

539,073 


lSft5 


477, am 

407,907 
474,7a 


1S6I 




lstt2 




im:i 











The production as reported by the State inspector from 1869 to 
1889, inclusive, was as follows: 

♦ 

Salt produced in Jfichigan, ISSS-lSSBt in, barrels of 380 pounds. 



Year. 


Prodactionjl Yciir. 


Production^ 


If«tj9 


621,3.i2 
Ji-*, 175 

ni,m 

82:^,346 
1,026,979 
1,0S1,865 
1,462.729 

1,690. W 
l.Ks:,. V.H4 

2,058,040 




2, *i.So, 5S8 
2,750,299 
3, 0:?7, 317 
-',MM.t'.72 
3,161,806 
3,297,403 
3,677,257 
3,044,309 
3,866,228 
8,846 979 


ISTO 


1 1881 




1882 




18KJ 




ItvM 




1 1885 








18H7 








1889 


1879 





The figures used by the United States Geological Survey for com- 
piling the statistics nf production since 1889 have been reported by 
the producers in Michigan. The amiual State totals thus obtained 
differ from those of the Michigan salt inspector because Ithe Survey 
collects data for the quantity sold whereas the State inspector reports 
the quantity of salt made and inspected; the Survey also includes in 
its ^ures the salt content of the brine pumped and used by chemical 
manufacturers in the State, whereas the State inspector does not. 
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SALT BBSOUBCEB OF THE UNITBD 8!rATE& 



BABIiY P&ODUCTION IN WEST VIRGINIA. 

Dr. J. P. Hale, of ChArlMton, W. Va., givds the following figune 
of prodiictioii of salt in tlie State from 1797 to 1882, Inehisiye. 

Salt produced in Wat Virginia, 1797-I88i, in bu$hel$ of 5$ poundg. 



1797 (») 

1798-1807 No Kcotd. 

1808 (»> 

1809-1813 No record. 

1814 600,000 

1815-1826 Norecoid. 

1827 787,000 

1S28 863,542 

1829 989,758 

1830 906, 132 

1831 956,814 

1832 1,029,207 

1833 1,288,873 

1834. : 1,702,956 

1835 1,960,583 

1836 1,762,410 

1837 1,880,415 



1838 1,811,076 

1839 1,593,217 

1840 1,410 205 

1841 1,443, tH5 

1842 1,919,389 

1843 2,197,887 

1844 1,874,919 

1845 2.57S,499 

1846 3,224,786 

1S47 2,690,087 

184S... 2,876,010 

1849 2,961,402 

1850 3,142,100 

1851 2,862,676 

1852 2,741,570 

1853 2,729,910 

1854 2,233,863 

SXPORTS. 



1855 1,493,548 

1866 1, 2^4,049 

1857 1,J66,749 

1858-1863 No record. 

1864 1,300,991 

1865 861,973 

1866 1,275,017 

1867 1,321,066 

1863 1,528,2S2 

1869 1,822,430 

1870 i,721,%3 

1871-1S74 No moid. 

1875 967,465 

1876-1879 No record. 

1880 2,(i:0, 4>5 

1881 No record. 

1882 2,000,000 



The following figures, compiled from reports of the Bureau of 
Foreign and Domestic Commerce, Department of Commerce, show 
the exports of salt from the United States from 1790 to 1917. Thfl 
export trade has fluctuated greatly, but it has increased about 400 
per cent in quantity and about 355 per cent in value during the last 
ten years, the figures for 1917 being the greatest ever recorded in the 
history of the export trade. 



1 Dii% pruductioa, 130 poondt. 



* 
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Salt i^domeUie production expofftifnm ihe United 8t0te»t 1150-1917, 



Year ondini;— 



1790... 
1791... 
1830... 
1831... 
18S2... 
1B33... 

1836... 
1837.., 
16»... 
1S39... 
1841... 
l«^tl... 

18438.. 

1844... 

1845... 

1846... 

1847... 

1848... 

1»19... 

1890 

1851... 

1852... 

185a... 

USSi... 
I83»... 

1866.,. 
1857... 
185iH... 
18S0... 
18fi0... 

mi... 

18R2... 
1863... 
1SB4... 
1W6... 

I860... 

IS*'.:... 

1860... 
1«70... 

1S7I . .. 



Quantity. 



£tt*''f/.T. I 

'i\,syy^ I 

47, 4K.? 
15,847 
4.'>,07J 
Z'.,0(» 
K3,0*>4 

lJs>,-i30 
4'J.917 
90, i;>3 

lU, l.Vi 

'.>2. 1 >f") 
21i>,U»4 
110^400 

10.<»7K 

H7,«>27 
2>2, 24-1 
21'>, ll.'> 
:il2.fMvi 

17') 

:-H4,(«u 

1, 4(>7, 07i» 
6I.>,S.-.7 
i>4S, 1^ 
53f'', 1)73 
f.'.>8, 4.'y> 
57G, l.G! 

717,2:^7 
475, 4 1-^ 
5:^7, 101 
3^»7,&Hi 
.SSJ.tJJl 

70, 'Ml 

f.2«,970 
1 12, '>47 
?>S ! (2 



Voh». 



i.or>2 

22,i'7S I 

27, '.'H ; 

5I,tXl7 I 
4ii, r\.J i 

:u,9i;i ; 

172 
<.7,7tt7 ■ 
tV»,?72 I 
42/2 ' 
62, 7C 
8»,064 

li),2t/^ \ 
17, 7->5 ! 
4."), I'l ; 

;w,.i2it , 
42,;;:« ■ 

7;'., 274 I 
K2,"72 I 

75, I 

121 

S'J. 51'. 

iiy,72.4 

1. >lt,0_'i,i 
lo<.,S7:» 
311,4'J3 
190, *,W : 

212.711) 
12'\717 

ir),ow. j 
22S, \m 
277, k;s 

2l*t'>. ■li'^ 

:m. ''SO 

2. V>,'.M<. 

ini.trii 

1H>, V 2 
47. I'll 



V««r0iMllQ|s— 



IS7\.. 
ls7'>.. 



Quaniity. ; Value. 



l>c. 



Bushels. 

n,m 

i7.(Wl 

65,771 

72. 127 

4:'t,710 
22, 17'» 
4-">,4o.j 
42,liS.j 
r.4, M7 
70.0! 1 



1«<7>< 

I<7>t 



l^Sl 

\^'<2 

i ."i-i 

! « ; 

. 

Ks:, j 4,l01,nS7 

is-i;- ] 4,><2s.^;l;:■l 

l^>^7 i 4,t.^'),us<i 

lsN>* ! 5,;i.y.<.S'i7 

Kvt .1 5,:i7'>,4.'0 

1S» ! 4,927.022 

li'Ji 1 4,41S,S4i) 

is'*2 :i,3i>s,!):< 



1^ ',>".., 
l^'•",, 
1S'.!7.. 
IS*-, 
ISL'H . , 
liKX)., 
IIXH.. 



f),7M2,2»)7 
lO,s:).?,7.Vi 
7,2(«,02l 
lii,711,il4 

Il,.vi3,:i2i 
i7,2'M),r^.: 
?.'■), 2fH),i>n 

1.":,<)21,V.(,1 

ix, v;.").247 

l«)L>2- I lU, l!>H,771 



•I 



27,'»2H,<)ss 
fi8,47.*),;r.*: 
67.07('..:,S1 



!''•>« 

UH);; j 61, (TO, 122 

I'^iis. 6'i.2.>3.7:('» 

I'.-i)') R>, '.Ot''.S2i) 

I'HO. I 98.021.. :J; if 

I'jn ■ 97, 74."., S3:! 

Vm l2(,Sl'.i.71.H 

Wn 110, 57S. ')'!.' 

11)14 . 164. 5S^J. 1112 

I'JhS loO.fM.'.:!-^'.' 

I'Un IfiS. )2".4..'M1 

IVlt 2-i7,^,MlZ 

I 



54 5,777 

i\-.u 

lU,27i 
H.;i7S 

yi, i:5:i 

24,'.>*kS 

n.t>i2 
(>,(;i:j 
1 (,7.')3 
l'*,2i'-"> 
17,321 

27, 177 

32, 9m 

31,40.5 
',P0,07i» 
2:5,771 
2S,39') 
3K.37.T 
4i.,7'« 

4). 202 
.^2,321) 

r:i,i)24 

Wi, 4<j.5 

li'), no 

K<i, 414 
.V'. 432 
1)^.,.-i70 
li:{,(i2.''» 
?3;t. 2^5 
271/^27 
Zi2,Sy;"i 

2'2,;«'4 

2*>f»,27:5 
321 1,!)^! 

2S.'i 
4 IS.. -.2.-. 

I<U 

rtl :!.'<-/> 
.'^pIm. 441 
i.UOO.773 



• KiM mnotte. 



IMPORTS. 

Import figures for salt have been collected since 1867 hy the Bureau 
of Foreign and Domestic Commerce, Department of Commerce. 
The following table compiled from reports of tliis bureau shows the 
quantity and value of salt imported and entered for consumption in 
the I T ited States from 1867 to 1917, according to the condition and 
use of the salt. 
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SALT BESOUBCES OF THE UNITED STATES. 
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SALT RESOURCES Of THE UNITED STAICS. 



TABZFF BBOXTLATIONS ON 8AX1T. 

As the tanlf acts of (iifforeiit years haVe had considerable influence 
oil iho importations of sail, a bri(^f statement of the various Acts of 
Congress ron;iihiting imports of salt lias hcvn conipUed.* 

Act of July 4, 1789: Six crnt-^ per buahol on all salt imported. 

Act of August 10, 1790: Twelve cents per bushel on all salt imported. 

Act of July 8, 1797: That from and after the thirtiefh day o! Septeraber next, there 
shall be levied, collapted, and paid upon all salt imported into Che United States, in 
ships OT vesseb of the United States, in addition to the duty of twelve conis now 
payable by law, eight cents per bu.shcl, and on all salt -vrhich, after the said thirtieth 
day of Sc})tern})er, shall be imported int'» the United States, in ships or vesi^els not of 
the United States, the like additional duty of eight cents, and ten per centum thereon; 
further, that all drawbacks and atlowancee now anthoiized by law, in rdation to the 
ezjslaiig duty on salt imported into the United States, shall apply to the additional 
duty laid by this act, and that in addition thereto, there shall be allowed and paid 
upon provisions salted witliin the United States, except upon dried fish, upon the 
exportation thereof Ut any foreign port or place as fidlowa, vi/, : On }>if kled liah at the 
rate of twelve centa per barrel, and on other provisions at the rate 01 ten cents per 
barrel; and from and after the tot day of January next there shall be an addition of 
thirty-three and a third per centum to the allowances now reepectivdy granted t» 
shipeor vessels employed in the bank or other cod fisheries, and the terms provided by 
an art enfitled " An act concerning cerfain fisheries of the United States and for the 
regulation and p^o%ernment of the iLslicrnu a employed therein," and during the 
continuance <if the said act; and further, tiiat thid act shall continue in force for two 
years, and from thence until the end of the next session of Congress, and no longer. 

Act of May 2, 1792: From June 30, the bushd shall contain fifty^siz pounds. 

Act of May 7, 1800: That an act passed on the eighth day of July, one thousand 
seven hundred and ninety-seven, cntitle<l "An act laying an additional duty on salt 
imported into the United States, and for other purposes," shall he, and the same is 
hereby, continued in force for and during the term of ten years from tlie third day of 
March, one thousand eight hundred, and from thence to the end of the next session of 
Congress thereafter and no longer. Repealed March 3, 1807. 

Act of July 20, 1813: That from and after the first day of Januarj- next (1814), a duty 
of twenty cents per bushel sliall lie laid, imposed, and eolltn ted, uix)n all salt imported 
from any foreign port or place into the United States. In calculating the said duty, 
every fifty -six pounds of salt shall be computed as equal to one bushel. 

Act of April 27, 1816: Twenty cents per bushel on all salt imported. 

Act of May 29, 1890: Fifteen cents from December 31, 1830, to December 31, 1831; 
after tint, ten cents 

Act of July I I , W.V2 : Ten rents per bushel on all salt imported. 

Act of August 30, 1842: Eight rents per bushel nn all salt imported. 

Act of March 2, 1861: Salt imported in bulk, four cents per bushel; in bags, sacks, 
barrels, or other jiackages, six cents per bushel. 

Act of August 15, 1861 : Salt imported in bulk, twdve cents per one hundred poundi; 
in hags, savka, barrels, or other packages, eighteen cents per one hundred pounds. 

Art of July 11, 18G2: Salt imported in bulk, six cents per one hundrcr! pounds; in 
bags, Bac ks. barrels, or other package.?, six cents per one hundred pounds. 

Act of June 30, 1SG4 : Salt imix>rted in bulk, eighteen cents per one hundred pounds; 
in bags, sacks, barrels, or oth^ packages, twenty-four cents pet one hundred pounds. 

Act of July 28, 1866: Vessels licensed to engage in fisheries may take on board 
imported salt in bond to be used in curing iish, under such regulatiens as the Secvetaiy 

t Tariff Acts, 1788-19W, 61st Cong., 2d scs3., li. Doe. 671. 
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of the Treason- siiaii prescribe, aud up<jn proof thai said .salt has been U3eJ in c uring 
fiah» the dutMS on nine shall be remitted. 

Act of June 6, 1872: Salt imported in bulk, eight cents per one hundred pounds; 

in bags, sacks, barrels, or other pa kagce, twelve cents per one hundred pounds. 

Act of March 3, 1S83: Salt in bags, sacks, barreb', or other package?, twelve cents 
per one hundred pound?; in bulk, eight cents per one hundred pound.";, rrovided that 
exporters of meat-'i, whether p<irked or smoked, which have be<»n cured in the T'liJed 
States with imported salt, shall, upon satisfactory proof, under such r*?guiauuija as 
the Secretary of the l^^asury shall preeciibe, that such meats have been ctired with 
imported salt, have refunded to them from the Treaauiy, the duties paid on the salt so 
uaed in curing such exported meats, in amounts not less than one hundred dollars, 
and Provided further, that imported salt in bond may be used in curing fi.'^h taken by 
vessels liccn.^cd to engage in the fi-^lierie?, and in curing fish on the ?hores (he n&vi' 
gable watcr.s of the United Stale.?, under si:rh rcffulati'tn? as the Serretarj- of the 
Treasury shall prescribe, and upon proof tiiat the salt has been used f<jr either of 
the purposes stated in this pro\'iso, the duties on the same shall be remitted. 

Act of October 1, 1890: Salt imported in bags, sacks, barrds, or other packages, 
tw^ve cents per one hundred pounds; in bulk, eight cents i^er one hundred pounds; 
Pro\dded that imported salt in bond may be used in curing fish taken by vessels 
licensed to nonage in tho fisheries, and in rn.rin '" f'-h on tlie shnro?! of the navij>ahlo 
■waters of the L'nited Siater*. under .^iirh n^!T:ulati-ui.-! tlie So« retaPv- of tlie Trt^rJ^nry 
shall prescribe, and upon proof tiiat the salt has been used for either of the purposes 
stated in this preyiso, the duties on the same shall be remitted, and Provided further, 
that exporters of meats, whether packed or smoked/ which have been cured in the 
XTnited States with imp >rted salt, shall upon satisfactory- prcwf, under such regulations 
as the Secretarj' of the Treasury' shall prescrilH*, that mch nieat^ have been cnred 
with imported salt. ha>-e refunded to them from the Treasury the duties paid on the 
Bait »> used in curing such exported meats, in amounts not less than one hundred 
doUaxs. 

Act of August 27, 1894: On the free list: Salt in bulk and salt in bags, sacks, barreb. 
or other packages, but the coverings shall pay the same rate of duty as if imported sep- 
arately: Provided, That if salt is imported from any country whether independent 

or dependency which imposes a duty upon salt exported from the United States, then 
there shall be le\-ied. paid, and collected upon such salt the rate of duty existing 
prior to the pa-i<<ai;o of ihLs Act, 

Act of July 24, 1897: Salt in bag.^, sa( k.s, barrels, or other packages, twelve cents 
per one hundred pounds; in bulk, eight cents per one hundred pounds: Provided, tibat 
imported salt in bond may be used in curing fish taken by vessels licensed to engage 
in the fisheries, and in curing fish on the shores of the na\igabte waters of the United 
States, under such refrulations as the Secretary' of the Troa^ury shall pre ribe, and 
upon proof tiiat the salt has been i!:-?ed for either of the purj>i).-:es stated in this prox-iso, 
the dutief of the same shall I'C rciuitted: Pr i\ itlod further, that cvp'Ttera oi meat.**, 
whetiier packed or smoked, wliich have been cure^l in the United .States with im 
ported salt, shall, upon satisfactory proof, under such regulations as the Secretary 
of the Treasury shall prescribe, that such meats have been cured with imported salt, 
have refunded to tliem from the Treasury the duties paid on the salt so used in curing 
such exported meat.s. in amounts not less than one hundred dollars. 

Act of August 5, ]9()9: Salt in hass. sack'?, barrelp. or other |)a( kagei=?, ele^■en f-ents 
per one hundred pounda; in bulk, seven ( ent.s per one hundred pound.^: Provided, that 
imporicii salt in bond may be used in curing fish taken by vessels licensed to engaged 
in the Mieries, and in curing fish on the shores of the navigable waters of the United 
States wa.6m such regulations as the Secretary of the Treasury shall prescribe, and 
upon proof that the salt been used for either of the purposes stated in this provis'> 
the duties on the same shall be remitted: Provided further, that exporters uf meats, 
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wbethor packed or smoked, which have been cored in the United States with im< 

port<Hl Halt, shall, upon saiL-^factory proof, under such regulations as the Secretary at 

the Treasury shall preetTilx', thut mik h meats have been riired with imi)<)rted salt, 
havo reftitnled to them from the Trea.^'ur)' the duties paid on the salt so used in Gunqg 
euch exported meatij, in amounts not less than one hundred dollars. 
Act of October 3, 1913: Salt placed on the free list. 



DOUCE STIC COVSDlCmOH. 

Tho consumptiou of salt in tho I'nited States from 18S0 to 1917 is 
given in tbo following talkie. The annual domostio consumption 
increased very rapidly from aliuut 10,000,000 barrels in 1890 to 
more thati 20,000,000 barrels in 1S99, tmd it iias continued to in- 
crease till it has exceeded 49,000,000 bai rels. The quantity of salt 
imported annually dropped markedly between 1885 and 1 8^0, and 
after marked inrniasesup to 1897 baa irregularly decreased to less 
Lhaa 500,000 barrels in 1917. The exports ruse ii oui a little more 
than 4,000 barrels in 1880 to 20,0U0 barrels hi 1S93, and then jumped 
to slightly more than 03,000 barrels in 1890 and to more than 800,000 
barrels in 1917. The steady increase in domestic production has 
rendered the market for foreign salt in the United States less and 
.less important. TIh^ percentage of imports to total consumption 
decreased steadily from 38.3 per cent in 1881 to 9.49 per cent in 
1893 and was less than 1 per cent in 1917. The Unitcul States, there- 
fore, now supplies mure than 99 per cent of tlie salt it consumes 
during the year. This country is not dependcxiL on any foreign coun- 
try for any portion of its salt supply, as tho capacity of its active 
mines and manufacturing piaats is greatly in excess of tbe present 
output. 

Sail eomumcd in the UniUd SUUe§, 1880-1917 1 in bands 0/ 2S0 pwmit. 
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3,427,639 



8.388.600 
4,436 



a6,200,0(X) 0,412,373 



10,039.991 



9,497,>41 
Ji,4l7 



», 384, 263 
36.*a 



io,oao,yiw 

'H46.640 
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91 
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w 
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» 
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276 SALT BES0UBCE8 OP TH£ UNITED STATES. 

CkMu content, $id{nit9, and $pedjk ffnvaUjf i>f tea water at variom eoneaUntktmfi 



<. blonue. 


baiuuty. 


gravity 

(1 


CbkriiM. 




apecine 


Oramspn 


Qranu per 




OratM ptr.Qram* per 




kilogram. 


kilogram. 




k'tlooTam. 


Ulofram. 




1.00 


1.H4 


1. 00140 


19.60 


35. 41 


1.02846 


2.00 


3.64 


1.002K7 


19.65 


35.50 


1.02853 


3.00 


5.45 


1.00433 


19.70 


35. SO 


1.02860 


4.00 


7.25 


1.00579 


19. 75 


35.68 


1.02867 


5.00 


9.04 


1.00725 


19.80 


35.77 


1.02875 


6.00 


10.86 


1.00871 


19.85 


35.86 


1.02883 


7.00 


12.67 


1.01016 


19.90 


as. 95 


1.02fia9 


8.00 


14.47 


1.01162 


19.95 


36.04 


1.02S96 


9.00 


16.28 


1.01307 


20.00 


36.13 


1.02804 


10.00 


18.08 


1. 01452 


20.10 


36.31 


1.02918 


11.00 


19.89 


1.01507 


20.20 


36.49 


1.02933 


12.00 


21.69 


1.01742 


20.30 


36.67 


1.02947 


lO. UiF 




1. Vino/ 


20.40 


36.85 




14.00 


25.30 


1.02032 


20.50 


37.03 


1.02977 


15.00 


27.11 


1.02177 


20.60 


37.21 


1.02091 


10.00 


28.91 


1.02322 


20.70 


37.39 


1.03006 


17.00 


30.72 


1.02468 


20.80 


37.57 


1.03020 


lA.OO 


32.52 


1.02613 


20.90 


37.75 


1.03035 


19.00 


34.33 


1.02758 


21.00 


S7.94 


1.03049 


19. 10 


34.51 


1.02773 


21.50 


38.84 


1.03122 


19.20 


34.69 


1.02787 


22.00 


30. 74 


1.03195 


19.30 


34.87 


1.0S80B 


32.50 


40.64 


1.033Q8 


19.40 


3.5.05 


LoasM 


23.00 


41.55 


1.08M1 


19.50 


35.23 


1.09881 









• Kmdwn, Kartin, UydrographiablM TslMlton, Copenhigwi, IMU 
JJUmic weight of eUmenU common in mime toluHone.^ 



SjmboL 



Atomic 



Aluminum. 

Boron 

Bromine... 
Ualciam.... 
Oarbon.... 
Cbloriiie... 

Iodine 

Iran 



A I 
U 

«r 

(a 
V 

(1 
I 

Fe 



27 1 
11.0 
79.92 
40. 07 
12.00 

136.92 
C5.84 



Oxygen.... 
I'hosphonu 
I'otassdum.. 
Silicon..... 
Hodium.... 
Sulfibur..., 



P 
E 
Si 
Ns 
S 



Atomic 



38.3 

as.(» 

UK 



IflM^fiff ^ bit«riuUonal oommittee on atomic weij^ts* 1916: Am. Qiem. Soc. Jour., vol. pp. U6^ 
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Fadonfor eonherting radieka to compounds fi 
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Radicle. 



Mg. 



Ot. 



CompouMl. 



Sm] 

N';i.< ) , 

N.i SO, 

N,i.S< >..10H"(). 

NailOj 

NalKO, 

Nal 

NaI.2HiO 

Nallr 

NaBr.21IiO. .. 

Kt'l 

K3O 

KsSOi 

KtCOj 

KUCO, 

KI 

Klir 

MgCh 

Mglk.0HsO... 

MgO , 

^fgso, 

MgS0,.7HsO... 

MgCO, 

Mg(H(0«',i 

Mgis 

Mgl-j.SHiO 

MgBr, 

MgBrs.tiiliO... 

Cadi 

CaClj.OH.O 

CaO 



raS()4 

('aS(^.2]l!(). , 

CaCOj 

Ca(IlCO,)j... 
Caij 

CaBn 



Faetor. 



2.538 
1.347 
3.0M 

f. m2 

5. .S20 
2.301 
.1. Ml 
6.302 
8.006 

4.m 

6.036 

1.906 
1.204 

2. 22*^ 

2. .vo 

4.243 
3.044 
3.920 
!i.376 
1.6.'.9 
4.958 
10. l.M 
3.471 
6.02h 
11.449 
17.3H.'> 

7. rK^e 

12.03,") 
2.769 
5. 467 
1,399 
3.398 
4.297 
2.498 
4.045 
7.331 
4.980 



Badiele. 



Br. 



SOi. 



C0«... 
HCO,. 



Compotmd. 



NaCl 

KCl 

Myi'h 

.VIgll;.(iHjO... 

ViiVh 

CaCli.iWIvi^ 

NaHr 

NaBr.2lIj<). .. 

KBr 

MgBr, 

MKBr..6H20. . 

CaBrj 

NaT 

Nal.-'H;-) 

KI 

Mpl: 

Mulj.sHjJ.... 

(•a% 

NiijSO, 

NAsSO,.10H:(). 
NajSO,.:!!-/) . , 

K".SO, 

MgSO, 

MgSU,.:!!,' ».. 

CaSO^ 

raSO,.2lIjO... 

Na-XOa 

K^^Oj 

raCO, 

Mg<'<)s 

NallCO, 

KHCOj. 



...I 



Mg(IICU,>j. 
Ca(fiK;0«)f 



Factor. 



1.6.10 
2. 103 
1.342 
2.867 
l.r,^ 
3.WK) 
1.288 
1.739 
1.489 

i.ir,2 

1.S28 
\.2i>l 
l.lh2 

i.m 
i.m 

1. (m 

1.664 
1.158 
1.480 
3.3.')5 

2. 792 
l.SU 
1.253 
2.565 
1.417 
1.792 
1.768 
2.:J04 

I.m 

1.405 
1.378 
1.641 
1.199 
1.1 



•Calculated by R. B. Dole, U. 8. Qeologicul Surrey, from atomic weights of 1897, whieh differ llttla 
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Meyers, N. Y., logs of wells near 30. 

Michigan, analyses of brines from 22;'>-22S 

analyses of bitterns from 241-243 

bibUography of salt In 

columnar section of strata in ii 
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Sim Luis Obispo County, Cal., s.iit deposits 

in m=m 

Band Spnng, Cal ., salt in 

Sand Springs, Nev., description of 137-138 

Sandusk}-, Ohio, log of well at 2Q 

Santa Clara County, Cal., salt springs in 122 

Santa Kosa Spring, Cal., salt in 1112 

Saratoga, Tex., salt brine at Ill 

Saratoga Springs, Cel., salts near isa 

Sea water, analyses of -ja 7-9.1 u 

analyses of bitterns from 247-24S 

chlorine content, salinity, and specific 
gravity of, at various concentra- 
tions 27!i 

salts coniaine<l in n*4-i»ri 
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